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Abstract

The researcht htebt eres ye@ase opees e.ntlehde iwort
centred on the wuse of multiple spatial

in order to increase the throughput, an
i ncreases t he coverage area. The c hal
i ml ementation are i1identified and anal ys
The study presents a model design that

on the short range wirAkd eslse coenmamdc &0
increaMsesl ess Personal Area Networ ks ('
framewor k -MdditaheUIl Wir a Wi de Band ( UWB)
i mpl emented in many WPAN systems. Howev
t er ms of increasingxtéamaoivghpete]| | alsarwed
Mul tiple I nput Mul tiple Oud¢ptuabl(iMsl hveOd) 4
technol ogy that can increase system cap
wireless communication sysbemsanThevwest
into integrated MIMO techneMeodgya fforra maRw
using-bdotdtiOrt hogonal Freqguenc@FDM)v.i sl to
considered an extensive review of appl:i
bysome approaches and some novel appro
proposed86BCMAandard was considered, anc
antenna configuration wafnalydést aken nas
i ncor phbualt i @igRBQRAMawasopose d@OFDiMr bMBed sys

in order to enhance overall t hroughput
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verage area at compromi se of the dat

ati al mul ti pl exi ng armoidoen alwictohmpnheeaxsi urye
sign issues. This way the capacity ¢
vel s, whi ch ctoahi dh payesde mwlatyir el es s

mmuni cat idevilcetsweerur ahge morfe wihted leiers &
t work could be increased in practica
esence of spati al and frequency dive

di ators configuration enlarge the sig

eedom that provide a |inear increase
ectrum. By incorporating the spatial

specified within the standard, I|it C ¢
ficiency could be possible. A perforn
ati al mul tiplexing for potenti al dat s
re considered. In this work, a mode
gbput of indoor wireless net wor k sys

ement s at the Dboth transmitter and
vel oped thatprepoaspesuldaetseicganrhrei Bals tosut we
vestigate t hreacperficetmasceofchvaari ous
oposals and identifies the <challenge
al ysi s based on wvaclodsngi tinbk atliEErES8 ¢

annelhamodédlown a | ower ier rtohre rianiped eprmern

e model . The proposed model can be i
t works and devices with relatively | ¢
ed in ftwt uadedrvesrsk t he curredtprcoail des
amewor kf or future Ssystems
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The Wireless Personal Area Networ k (WP
system that interconnects various appl:i

WPAN netnwortkechnol ogy has grown consi de|

because of t he advances i n t he under |
commer ci al merits penetrating the consu
Communication Coemmidegiicn odsn (tFPC al |l ow unl

in t#A®. 8B8GHz spectrum with power restrioc
the number of commercially availabl e sh
has al so been a ghmowlioagy i fntemetshe i aac d& heet
to the potenti al benefits of wireless s
various wireless communi cati on net wor Kk
Emergency and public sasvigrersed at &6 a&f pah
the frequency spectrum. The decision t
spectrum has presented at the same tim
designer s. I n a design appr ®aclthast hme afnlt
di fferent protocol s at di fferent | ayer

1



applications tailored to a specific en

stems from the spectral mask thatcalhae L
the federal authority requirements conc
chall enging to design receivers that di
| ow power l evel s. Hi ghly sensitive r e
compcated design and hence increase th
cost . The | EEE have established the |IE
previous research work by [2], I n order

PAN physiopbsbdbhyandpto meet the growing

with high data rates. Al t hough, the pr

di sagreement bet ween t wo subgroup pro
fundament al charactehashetswbfchhbagprbep
proposal s and standar ds. One practical
communications for a while which is ho
exampl e, could a deterministicnomogdlel!| t b
describe the wireless channel. The | EEE

of data analyses for different measurem
were based on common propagation paranmn
wi r ecoemsnsuni cation systems. Another key e
channel model i's the representation of
802.15.3a standard has represeVidlean z e It:
(SV) modilfi edhimobdeepresentation resemb
components of real measurement data of
has helped significantly in the way mo

simul ati on.

Al so, t he | artgedebfamdevsi dWWB tdhyast e ms has
2



approaches to wutilising the spectrum f (
One cl asshadappedaahl the avail abl e spe

power wwthhveeyy shormmsdurt atvinéme maddbni

capacity could be obtained by incorpor:
with the signal pul se. Such approach ma
in combating signal faadnemgd fFaumr tdec aor ie
met hod as it tends to consume power ano:

Al t hough this type of transmission sch
single band nature of its tcoafmudi sat §9®
industry and research communities. I n [
has highlighted the concept behind the

one which divides t hbeanldasr geef sHpCkdamdm o

modul ating t he signal i nformation us
Mul tiplexing (OFDM). OFDM has been wuse:q
communications and has proved its effec

knowl edge hasarbeeon dfesmigner s and researc
sense for the scheme to be considered

maj or difference between OFDM in the na
I n narrowband slysltse msr, e OtFrDaVn sgimt t ed oV e
UWB domai ns, the symbols are interleav
requires reconsideration of the physica

coding and transmi.ssion design procedur

The Multiband OFDM Al l i anceSISpecofali nldnut

consortia had supported the Mul ti band



applications. The industrial backing of
in the UWBd doasai nesainted in its i1ntegra
(USB) and-SBGusysesbems. I n additi o368t he
standard [Medbg Alhli aMice has forwarded
commer ci al mar ket ided rfeaoighi t-a®&ds Wahred d
defines the physical | ayer and Medium A
short range wireless hi gh Sspeed commu
standardise the free | i cediesveelionp mernder ft
When considering antenna technology for

di vision and Multiple Input Multiple Ou

i n WPANS . The benefits of I mpl ement i |
commauati ons have been well proven and d
The rapid increase in indoor muletfiimaedi a
television (HDTV) to fully integrated

range wi halvesdilgihhnkghted the need for t
t he UWB domai n. | f MI MO had been i ncor

received power could be enhanced as we

emi ssion |l evel gul mpoeprdabiyhomhiet ires. Du e
available in UWB systems, frequency diyv
which could be wused in the informatior

transmission. Althouglb MepNMOeseobhnahogpv

increasing the capacity of UWB applicat

integration in commercial products. One
been the increase i n fthentcoenpd eRFt ymo @uld
the signal processing algorithms. On t
personal communications tend to be smal

4



compl exi ty. On the other hamgmi smuildn pd¢ @

and demodul ati on, and that increases th
Neverthel ess, the rapid demand for WP A
technol ogy profile in the commerch ainwo
PANSs . However, and more importantly, MI
have moved a | ong way in the | ast decad
signal processing al gorithms. These
engi neer sertyo cpoumpslueex vwi rel ess | i nk desi
in the transmission | ayer protocol s.

>
>
m»
To
p>]
O
m
@)
T
@)
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The aim of thibs praerpud &8 cphl iwveseplaaitida&illn at t

physical | ayehetbbhtr aperdéeband domain
Net works to enable an increase in the 1
current available rate without an incre
the error per fnorimian taanc iillnng recddeksnteina i n t
capaci tyapspelnisdaartidveem sg;awmfeisgur abl e in ord

5



increase in the wireless communicati on

For t hese appdaiscsdtei othos , i ndr evaassse t he tr
expense of the availablerdaéeiavirmgealbyors
proposed mbdeé¢ wbel dability to vary the

depeamgdion the statusclémda hmakesanmeé . off
diversity to reduce the fading correlat
of the wi rTehliess sradmaglietlth t he standbhedn moc
i mpl emented in real commeecital thdedsc¢tons
by wvarious orntdiuas,t riBled [E®MAbdeaernd dheavde | op e
adapted in many concneer ctilmd iprctoedrssitahde r m dH
ECMAB68 standard physical | ayer r eqgouni r en
procepartiloul ar , a met hotdh®OMBMnt e @gmatmii 15
waslevel oped. Al t hough devoeglyo pfmemt s an mo\
systemsoldaded a | argpapembertneafahteuasegartd

of |iteratomiregcelses en tap@Hhnicquvieony tsoc alWE

The area of concern governs t his rese
i mpl ementation of MIMO model with ortho
fits wi t hi-lwwWBt heynsWPAN mod el woul d be te
appropriate chadnieh opbpdet tesvwvaliHence,t
the moeelal wased using the defined stand

l nstitute of El ectrical and El ectroni c



standar d, as wel | as st odhamsotdied ohamdruecl
| EEE wedd tsau i dtiedund aandusbetuk wpeoperties t
in finalising. t8tatmodteilcsaldemddell s ai m t
par ameteacrsi idhathaepropilgatuosea onecmalint is ol
WPANs woul d bd amwpdleumetneadtamnberaoeesliso p
refl ect t henooerhre.r Syreatai aolfb ecwoe x ppbbe&dngnct
met hod that opti miadeschdmesmuflan pt éde ast
devel opedOFDM escMBeme enabl eas i sy mbhoel fnroed
domain using spectral mul tiplexing, and
di fferent Sspectrum. Therefore,nttohedidgree
frequeprtismb&e cr oss weamnm ed ppd d taraut no eteosn el esai

to I mprioveemesystem performance, aned al l

nf ormation byt eombnnaddi tihen,s p a.ttihael al

(7))

i gnal spaicei ovorutl ldy semglnapgeyvi der doant ffeotrn d
rich media content transmission eventua
an evaluation of the encoding on the si

spati al and frequency diversity womuld I

-

ange, and opti mi.si Thpididehteo saycsctoeum tc atphaec ii
spati al degree of freedom in the signe
introduction in the physical s-padeat ilig
elments advantages across the multiple
protocol. The model requirements encaps
able to adapt to different system desig

f utnicon that all ows future requirements t



Thepecobfgitea ves of the nprtdp ocwerdessreadcalbc e
algorithm t ha&antcemba nest mumtaiti band UW
shoul d prtoadoulcee MI MSQuit echni que for the o
area net worikonc osnynsutneintsat The mHew conrd oe pnte
ECMAB68 standmubdtiamlde t hmatsihaolul do rbfei giunrtaet
the physical | Aaper delbo wlhdt dsdecainlgiatsal ntehnet
mo del|l sttor uecntaubrlee i ncrease in the wireles
communicati on range ernes@ui rneemennotr kisna Wihrea
reqguirement to prdedudédad <siomelr st itdhre e s
enabling verification of this proposed

against an approved industrially recogn
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The contributionhit® keoevhredlgei $ramtici p.
physical | ayer and focusing in two spe
techni qud82®9AMh i bC WPAN. The model desi gl
avail able capacity btyhrioughepausti nwi tthhoeu tt
spectrum of 0 PMPrAaNt isoymns t fears . UWBie second

adjust ment t o t he model i n order t o

communication with the speci ficegd wirran sen
system devices and single radiating el e
indoor applications. This increase in t

sensor network application wherpeutt.he r a



p81) -/ S$AOECT )i bl AI AT OAOCET I
The naturally i nherent dense environn
communi cati on presents a solid pl atfor

frequency diversities. MI MO technol ogy
rat e for il ant eampspil Vi ec a tmealn s and furthe
communi cations range. Furthermor e, t he
systems and single band transmission pt
techniques wil/ be iamtlieomesnt wdt H oa ©WWB
transmission scheme. Firstly, t he mo d u

optimised to enable fast coding proces:

wi || be spread across the hetsama til mae
wi || increase the system efficiency con
WPAN systems i ranwkeinoala al gnaditt hm has b

mul ti band spectrum to enhance theitowyer a
wi || have a direct i mpact on all f or ms
exampl e, a multimedia transmission bet\

enabl ed without degrading t he gual ity

Al ternatnetewygr,bk of sever al portabl e devi
perform different operations al/l at the
automotive industry where inboard enter

mor e apmpsd i aadi functions coul d be real |

technology on home and office wireless

10



bet ween peripheral devices at very high

p8ul AAT 1 ETC AEAPEARABEAAI AE

UWB spectrum is very board and due to -
response of the system operating in the
very hardesfigrneRBE to devel op a channel

spectrum of thé&héerahemessUWB bhppkidatio
based on a predefined model t hat speci f
and its debiamdd o$ p®hpiesr awnasont hen applied
domai n, and therefore the model | i ng 0 |
approach as well as actual channel me a

devices operating e@ndddiignecdhasnimeds shou

frequency bands, and should overcome t
bet ween high and | ow end of the spectru
t he proposed desi gn, t hes hfoiunlad dceol ni cveep

performance across @héf evoekt pclhoposeld ind

woul d tackle this channel propagation <c

11



ident

ifying the multiple patbhe & mha mcdeodo

opti mimemgarticul ar how the scattering si

model
coul d
repre
revi e
the r
analy

me c h a

t echn
commu

wor k

and the i mpul s.e FHurstphoenrsneo rcef, thhoew
be interpreted in the reaoei vtehrathb
sents this physical property. The
wed in order to have a better repr

eceived power olfn teneisset iwagv elsii tcearl adti

sis so far has been hampered by
nism in ultra wideband domai ns.
er, this work would beywiadeinnalgud é

onment dhersefemraa,i osvbel dnodehbki dgr d

ction and scattering effects in th
this research wil/l present a novel
rios, and wil/| brairdgert tehaghysimial
es within severely and hostile inc
e proposad|l owndcedapept i ashegwglradati on of
es resulting in an optiami sreetdiuoccn ntg
Further, it opens opportunities

the current apfpflicatamhshome bhadsseaed

are new short range wiarcerloessss daipfpfl
ol ogy fields, each of whi ch has
nication | inks between devices 1in
proposed in the physical channel !

12



wilress propagati on.
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The
| eve
rese
enco
and
UWwWB
me a s
and
i ndo
rese
conf
obse

mak e

phys

research into the physical | ayer of
latoaff i my over the | asthdeeadeg humul
arch questi oness dHlhet pnheyesdiecda It ol abyee ra d
ding of data, the RF modules that e
the generic generation of wireless
communications | itmke hlaidmibteeech rbwmMmedre
urements obtain€&Edefwomktherenvakesm
wi || therefore attempt to analyse t
or wireless Il i nks. Adtihomgipr @« h@s endo
arch hamdillgds patalr i clbhsannel sgetomat r irce
i gurations i n home and of fice env
rvations that Fneaeddd,td hlpe | adndnt esls ¢
s it very challenging to obtain a c

i caSlecloayeé ry., the narrow focused nat

13



spectrum had | imited thaeacaielsakmina megu
enhigmeectilrnuns.ome commerci al applications
had focused on the | ower bands of t he

devel opment of mucliChampreel alpiropdagamboide h

')

phenomenon ®©DmMmatobgepgésdscattering signa

creates an infinite number of di mensi on

However, resebhechr d magp etblpea gaamdivhees, ener g
di stribution owadg hweercyhadinfefig cpeeitthtsh Mo d e b
physical phenomenon and i ts represent
environment is particularly challenging

measurements and statisticaldifdprenentty

buil ding furniture and decoration mater
are stildl ' i mited and do not account fo
the relatively smal/l wavel esgthcahaericim

some materials tends to create a differ

these objects. This 1in turn, makes it
absorbs these effects, and helnce | i mit
A further l i mitation iIis that the MI MO ¢
physical |l ayer transmission scheme that

the widespread -3u6s8e sofantdlae d ECMA commer ci
14



mu lathienna system proposed in this resea
t his particul ar standar d. Therefore, t |
further modification and optimisation i
This is beodasd uk-©BEDBM hechvBme for t he
process and hence al/l the research wor

segmentation.

Advanced in information theory in the |
perfor mancef iceoldde sofi nf otrhmear d error corr ec
high data rates required by this rese:
requirements at | ow power wireless per
coding met hods ando choediing camei shtaednt

specification. As such, iterative decod
not be used in this research. These ty
transmitter and recee veessdnrnalttabjeesc twiow
these types of codes. A review of t he
decoding would be highlighted but not t
error correction coding woudadibneg tahleg ou

conformance with the standard.

Al so, whdebbhhdasystem generally require
requires advanced digital signal proces
as there are ' i mitations i n t he mo d el

15



ot

Sy

si.debreesd gning pul ses with very short

S

e

ans

her

st

e

above

resul

W i

nts a challenging software and har

oping hardware electronics for t hi

tno hmagihnetraidat a transmissi on, pr ope
d be realised which in turns req!
roni sation i s al so very I mportant

er the cbet chbascsti dersesdoulnd t hese ap
er key chall enge IS t he i nterfer
nications i nk. On t he one hand,

mitted signals thadgi greanld ttoo madivsee s

hand, the error margin increases
m i ncreases. I n this research, S 0|
chall enges and come,uptwitshiwmnseiud
ting outcome wil |l accomplished the
need to be identified.
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The contents of the propptsedstthleasti si dve h

topics. A summary of these chapters has
Chapter two wil!/ provide a review of t
concepts that under pin WPAN. It hevi UWB a |
channels and experi ment al studies into
channel propagation model s wil/l be summ
key interest to this work. Publ i shed

technol ogy wil/| be reviewed and rel evan

The design met hodol ogi es behi nd chann
techniques will al so been outlined in

met hods wouvuidebeapong with their i mplem

Chapter three presents the design conce

17



applies mul tiple radiating el ements I n
MI MO scheme would be desrgnwddsesochanneol
Di fferent channel model s would be used
research. Explanation of the model wi ||

reasoning for the design. Tbheeh i bnadc ktghreo unm

wi || be discussed and a comprehembeve
scope of the scheme wil/ cover the codi]
the simulation design procedur e. The r

presented covering tHhlee transogu asiom pr ¢
mul tiple antennas techni gewes aiimetdhe Thh s
specifically induced design algorithm t
botl thansmission andThemtoidnil saa tiioonn spcrhos
mo d e | design which was i mplemented in t
Addi tional system requirements had been

requirements.

Chapr fourn hpr eampirhdetsa tomod of twhoe k pr ¢ mo st
chapter, the implementation of the desi
concept formul ati on wa s gi ven. Thi s [

simul ati on berswidr oomenMat | ab. Tshoef t wac ei vpe

i mpl ementation was followed with expl art
mod el on the wireless receiving struct
simul ati on. A proposadd twaso pax pliasienede c

enhance the system performance.

18



The final chapter will provide a conclu
obtained results from the system model
for thenglkoWPAN technology and how it ¢
|t wi || also identify areas in the res
studies 1TaeviPANsof Athe validati omsyprit @anes

woul d be adiossgusnsdagdh comparative tests w

model s. A detail anal ysis wil/ be discu
A review of standar di sed model s wi || a
met hod.

19
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The puorfpotshei s secttilomea 1 &s eaar cdiustehd tnheo d d |
production of mul tiple antennas model

Wi rel ess Personal .Arte ad eNsedt molaaken cslywsd ienm
identificati on, designing model , i mp |
verf i cathieomrofposed model that. TWwas apops e
research methodology for this Wwodk olwaaag

figure
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Siphases approach were identified i n

program structure. These are as foll ow

Phaséiteratu)elhReviphvase <covers previ

i mpl ementation of UMt M® wedbkBnib@aumels wome

The focus would be on identifying the
encapsul ate the technology. Various <co
to facilitate new design model s.

PRasel 2enti fying ndilnattehd sp rscelclta ms, t he

be on identifying tangible problems i
spati al el ement s i n hostil e i ndoor
behaviours and problems would be induc

Pmse (Designing a prototype of a p h
communi cat) bn stshessemtage, a prototype
constructed to enable the | inking of
wireless system and pemnatuicomagl addsingn i
interconnection allows for observation

perfor mance.

22



Phasémpgl d ment ati on of MI MO conf)i:gur at i

MI MO construction would t akentpdarcaet adn

in the simulation model. The algorithn
verify the system performance. The des:s
infer the theoretical analysis.

Phas&yS5tém model optimi saffTfhemwdahdi mngnp
design would be improved and optimise

out to improve the performance and red

Phas@y$tem testinglmandhievasuap)] ohhe Ve
woul d be t ensotdeed awodul tdhebe observed to
Evaluation would be performed on each

al | the results would be documented.
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2BackgResmear ch

The ECMA standard specifies b@®@RBDM mad.L
which the spectrum had been segmented
bands. |t di vides the -bamldisc eenascehd osfp e\
consists of a 528MHz bandwi dt h, and c
GroupsiB@Q1l except fofd 51 haendl & sitg utrveo (kRar
a description dfoAthil exspeetfemtdrei of
variable transmission rate in which th

106. 7, 160, 200, 320FDMO9che@d MNMbd shed

24



t his model |, and wher e everiyunbbaenrd ohfas

Ssubcarriers. Frequency and time spres:
coding techniqgues has been usepdet®evar
Fast Four i elT)Trhaanss fboerem (iFmpl ement ed i n
OFDM symbotteor lanpppl y OFDM modul ati on, t
had been firstly divided according t
transmission across multipl &rkkagmudeanclyac
Code (TFC), which makes goow tihsen dfhe
ECMA standard. The segmentation of eve

where different modul ati on schemes <cou

bend growph

“41‘1_.......‘.*

band groupl  band provp?  band provp3 band gt"'u;pd- banderoups
'II..II..II:.II..I..III.II..II..I'..II..II..‘I..II.‘
Fand band bandghand band band Jand bend bendhand bend bend Jand band §
"] 2 3%4 5 §%7 § o810 11 12213 148
L]

T437 3960 443E  S015 SS4 S0TI 6600 TIZE TESE S184 712 9140 U6 10096 fo QMHz)

Figure (2.1.1): Spectrum division into

As the standard specified PHY and MAC

25



defined Physical Layer Comayer gdrce nRre
bet ween this | ayer and[ 6he Tu g esruMAC

provides a met hddSkowi ce(nfxadW)i tign tPoH PL

Packet Data Unit (PPDU). The PPDU stru
t hat includes the Channel Estimati on
the PLCP header, and the PSDU.weFtert het
added to i mprove the wireless communic

PLCP Preamble

_’/7\
—

Packet/Frame
Synch Channel Estimate PLCP Header PSDU

53.3,80. 106.7, 160
200, 320, 480 Mb/s

Preamble PLCP Header Frame Payload Frame check | Tail | Pad
Sequence Bits | Bits

Figure (2.1.2) PPDU and PLCP structur

The process of transmission consists o
in which a prededuhadedcuddbeM oy mbmol s
message packet. As It had been statec
domain spreading and Forward Error Co

data rate. There are three specified

26



coded informati on i s i nterl eaved over

Frequency I nt[er]l €hei mgecom&l coding i s
information is interleaved over two b,
third one in whi whast  denter @avemi s$3ign al k
Fix Frequency Interleaving (FFI ) was U
frequency codes within the first four
t hreef rteigmeency codes usesi nlgFk|s2u pgonod t F Folt
channels in each band group. Il n- the ¢
frequency codes uses FFI and one wuses
group, FFI channels and one of the TFI
t ha rtdh and fourth band groups. I n orde
coexistence wi t hin t he standard, a r
subcarriers in the TFC operations hac
Spreading (FDS), and Ti nwee rDeo nbaei enn Sfparceia

order to expand the bandwidth for t h

vari ous coding rates were assigned t

depending on the applications. Tabl e

codiaga Dates, and modul ation in the P

27



Data Rate | Mpdulation | Coding FD& TDS Coded Info Bit=
(vib's) Fatz Bit='60FDM | 6 OFDM
Symbaol mymbaol
333 QFSE 1/3 Tes Tes 300 100
a0 QFSE 12 Tes Tes 300 150
106.7 QFSE 1/3 No Tes 600 200
160 QFSE 12 No Tes 600 300
200 QFSE 38 No Tes 600 375
320 DChA 12 No No 1200 600
400 DChA 38 No No 1200 T30
480 DChA 34 Mo Mo 1200 GO0

Table (2.1): The defined data rates and modulation parameters in ECMA standard

Il n mat hematical form, the trah&mit sig

@ O YQ @06 &Y AG®QRE o6 o

In the abavde sfotrhneulbag selpareds enit g alon f
symbol of within the transmitted pack
signalis owitlhlenequal to zero'Yout siThe ti
funcrtéi mapsh8syymbol to the approjfi sate f
the centre frequency for that "Yrequenc
includes the Zero Padded Suffix (ZPS).
mechanism to mitigate the effect of m
sufficientt htei mmer afneccei vers to switch Db
bands. Figure (2.1.3) shows TFC wit|

addi ti onal ZPS used in the transmissio

28



Symbel

3168
Band#1

3696
Band #2

4224
Band#3

4752 » Time

f—>1
Y
Frea s,
Figure (2.1.3): Modul ated symbol int
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Mul tiple I nput Mul tiple Output (Ml MO)
antennas sat ®Hloé hcemeouni cati on channel
and add another degree of freedom to
technique combines the temporal, spat
transmission scheme to. i MtMOasenabhes
transmission of data over multiple che
data rate of the system [11]. This in
without the need for bandwi dt h expen:q
reigue additional transmission power a
attractive for short range wireless
because of the astringent power regul a

the FCC in the USA).

The smealtlramatMI WO mul t hd@sandesygstemstru
supplying each user a sub band (with a
alle tmansmittingnanthenmasneo hbernat ef or ¢
particular time dugsadilbas Hden eapgppldi ad
the antennas, the number of subcarrier
OFDM symbols that forms blocks or frar

compl ex symbol could be identified b

30



spectrum at the specified antenna el er

mar ked fr ame. Due to the encoding forr
mu kstpiat i al Ssystems t o simplify i ts n
sequences all aondt gddrt ce accdhc hant :enma wer ¢
they were orthogonal to each other or
them [ 14]. This independent property
matrix which simplifies etrhesiddeet eacntdi orne
the hardware and complexity costs. Th
represented by each symbol t o be tr e
interpreted mathematically as foll ows
Q o g GiQ Y oy PR
Where E, A , b, T and f represent the
the complex symbol, t he duration of t

prefix -poarddiZegpbp and t he subenfréewoenc

subcarriers. The energy of al | the tr
el i minate the number of radi ating el e
spectrum mask regulations [16]. A tot
OFDM symbol staed framsmall the antenna

31



matri x B and for each radiating el eme
all ocated. d&hartt einsnaf ora tnhuember of com
f orms a8 rnmeaptrreisxenti ng the dur d&toiront hcef

particular block z. Furthermore, t her e
all the blocks and the complex symbol s
S subcarriers are used to modul ate the
the swubBcafrithe symbol, al |l symbol s wi
antennas forming a matrix CH. For everl
#(of di mension ZSA x 1 has been for med
physical I i nk redmpmensepaweialh tsBlefmream
Co R 9o

O O mMhod pMB & Y p cHa

#( #(h#( B #/( )

#( #(R#( B #( QX

The sub channel weights of the radiat
statistically as a randomheafromaml| ef wi h
nor malakaga i di stribution [19]. The ¢
transmittedhesicghmannedandr etsul t s i n a r

32



statistically distributed due to the

that, there are multiple spatial el eme
matrix form as follow [20], [21], [ 22]
X:X_ X'C R::R: R'.."
rix: X R, R, .. R,,
U= . R= 2.1.7
Xix; xi. xtf Ry Ry, .. Ry,
rx: x R, R, R,

Where K. represent the J* fransmitting antenna and the i* receiving antenna

De to the effecetaschofrefcleée viimgnmel enna
configuration would receive copies of
One of these weights represents t he
transmitter and croed @i vbeer caonnds i tdlee ede g to
[ 24] , and for analytical purposes all
by a vector G (of dimension AS x 1). I
mul tiple copies for each yt ramasrmsdlt ed

expanded by a number of multipath c¢omj

assumptions have been applied by [ 26]
that all the radiating el ements have t
R P
' " ph' ¢ ' 1 B



I n the frequency domai n, the channel
coefficients consi §tsn@gndf thkeemstubcanat
forming a matrix F of di mensihnrne®na Q.

would form a vector Y constructed fron

transmitted signal vector X [ 27]e, [ 2 €
received signal would form a Hermitian
to its unitary and diagonal matrices u
& & hé& 8& n& M & B & CPP T

&8, 9 & B

( %9 89 6!6,! AEMEBS8 A

The eigenvalues opbwteheiseceipvedent gda

matrix A and is used to provide a meas
This power measure i s then used to eve
of the signal to noise pooMert o amé as u raen
coverage area. The addition of the no
increase the amount of distortion in

affecting the bit error rate of t he

( AWGN) masuskee in the modelling and de
research work [29], [ 30] , [ 31] . The i
indoor wireless communication [32], an
the UWB <channel hasel eg@g wesbadarfahdrhser:
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assumpt iTahress e[ hA]Jv.e assumed t hat the spe
the symbol hops across was independent

| mpl ementing t his assumption for t he

perimance, has shown that using the
hopping increases the system perfor mar
of freedom in the frequency domai n. N ¢

to be carried oubtncohcewhinbhahlet opest
the UWB systems. This includes deter mi
for the MIMO capacity in the physical

each of the sub bands across each band

2. 2. 1A1 amosp a-ticsneeh eBleock Code (STB

The growing demand for more channel c
spati al domain to add an extra kdegree
through that Iwamo wtaiptualeame pleddk]dh,e whi c

area of research into the MIMO technigq
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The scheme uses two transmit antennas
compl ex orthogonal -prmectptbtbnithae we e
performance without Il ncreasdnogat hiex sw

formed from two consecutive symbol s (

counterparts in a dual time pins as fo
1 ip g

The scheme usingtowor siysnimiol tpeeéewddal S
antennas, and therefore in essence t hi
transmitted t wi ce across t he ti me i n

formation <f whhehmasraxcomplex orthogo

Ll dps dgs o
T dps 9GS
dps dcsz b &8
This orthognality of the matrix of ran
gain of 2. The diversity analysis wa
detection. Nevertheless, thederemaancr

invariant of the two consecutive symbo

)
@ 8 ’®

€. €
s 0
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At the receiver, estimating the channe

recenoiedy signal vector with the chann
W . . W Qe Q&

e s Q% 4 @ o cas

Due to the orthognality of Al amouti <co
the transmitted symbol as foll ows

w Ol 1 0de DoREE— 0 —— R’

§Y § s $ s 8 s
't i s important to nedeinhasingher tt wog
time code were to increase the diversi
symbols detection at the receivers. F

would not exists for a number wifthspat.i
t he defined objective goal s menti one
i mproved in terms of Its coding gain

what i1 s teflTmmd aselSpiaseCodes (STTC) .
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There has been a significant amount

measuremenws déobabdtagaplications st emi
and theoretical di fficulties these sys
has been carriedi ®uti n dtaisweal damati wmcs , t

approach which evaluates and measures
wher eas the frequency domai n met hods
function based on spectrum evaluation.
have been i mplemented by wusing either

robust methods ussongndefMfie[ 8Btverchamr

band signal with | ow Signal to Noise R
surroundingmei el gss naystowband appl i ceé
a PN sequence is used in the correlatdi
signal iI's then induced. In order to e

measurement procedurTevo thaweér besmol uern foo

met hods that have been used in practic
papers [ 36]. The first is the CLEAN al
process. Received pul ses ar e ifni rosrtdecror

t o extract the strongest pul se and t

domi nant pul se components until a thr
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SAGE algorithm [ 37] I's the other met h
estimate wustegs tapplpiagdamei th iiteratio

Net work Analyser (VNA) technique is a

the frequency domain [ 38]. It uses a f
to excite the <channel and.t  Tdare medxur
averaging makes it |l ess affected by n
| arge band width measurement s. Howe v e
frequency stepping, this process can

Further moirreg itshseuewsi rtend to | i mit t he
ranges. Scalar Network Analyser is a n

magnitude of the transfer function an:i

VNA t akes.

Measur ed dat a hhes isrhdaovoar tdhdannfeolr, tt he

tend to be distributed in the form of
receivers [39]. Furthermore, wit-hin ea
uni formly distributed. Qunset eirmpnogr taasnstu m
i's th¥alSsahzhel a (SV) model i n which mi
Poisson distribution with inter arriv
[ 40] . Moreover, the model has a cluste

factor val ue for each of them and h e

model |l ing different scenari os.

The | EEE has established various st ani

39



model s each of which covers certain ap

of its physical | ayer proposal. These
measured data and the simulation of 1c
system design. These were common prim
channel such ay phefiploower RMISs |l del ay art
mul ti path components, and data that

measured data and the standardi sed mod

I n this section, two models that fregq

highlimédmeldy the | EEE 802.15.3.a and |

For office and residenti al i ndoor envi
have been established with communicat:
mo d e | parameters were bmaesefdowm snemasmate

environments with ddmfEMeént-AimeEdMEs (
NLOS1@8m CM3, MPCs CM4) . The | EEE 802.
the SV model with | arge and small scal
di stributionswanhbdarsd mdeai ation values

response of the standard had been mode

KO A 6 hwQ i1 0 Y T P

Wher el oXgnor ma l di stributed random vari.
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|l nsi de t hi s model |, ther e are three r a

representing the amplitude, the phase
random variable is the ampDOiistturdi eb uan do nr
the original SV model . The coefficient
gain = ampl of I + Q componneonrtnsa)l an
di stribution instead of the above Rayl

fy(d,y)=(2ch, il yyersy

Whed%,Yis the average power (variance)

d%ayis the average power that i's stati
pul se wil|l have its own power. The d
di stribution and could represent two a
average powerwidfhiemaahmer a&y u(spt)er, and t |
power of each cluster (c) (Each <clust
comparison with other clusters i.e. Th
more power than the loam ewvaroinabsl)e. iTsh et
(Theta) which is assumed to fpl Il dweUni

third random variable represents ti me,

one for the cluster arrival tf menaad
cluster, both of which43]Jol!l ow a Poisso
Q YSY vy Ag@by 'Y Y h & ™ COD
Q ty Tt 1 AgPl 1 T 5 W om cd8
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Al t hough these results have been used
acceptance i n t he academic communi ty
measuremenbsenhobakédaveo date when cons
channel . Hence, further investigation

be taken as a realistic representation
the above channel smddeli swdwlrd moe ed 4 e
medi um and further analysis would be

parameters that have been identified

e

¢81 --N&¥- xEOAI ADG ARJAGAAAI

As engineering designers was able to
time domain using inverse fast Fouri er
corresponding fast Fourier projection

4 2



demodul ati esenbloclonr @pcomes a useful
design and i mplementation of compl ex
mo d e | I nto a number of Il nterconnected
i mpl ementation and evalu@t woneloéssvi me
consists of a number of integrated bl
sidesTheldsld . are the coding modul e whi

correction codes that hel ps reducing

modul ati oner bl otctke whesired signal was
constellation. This constellation was
scheme. The resulted complex symbol s

the time domain using frepgpBEmMcyandahnhs
passed to Digital to Anal ogue convers
opposite operation was carried out, b
using the decoding and demodul ation bl
of mthleti ple antennas wireless model us

real wireless systems.

4 3



- expljn frt) "'.' .-"" exp(in frt) =
Encoding Decoding
IFFT v__‘; FFT
9 Add D/A A/D % Remov +
Prefxx : Prefx
expljn fit) exp(jn frt)

Figure (2.4.1): MI MO :wi Tak eens sf rbd no c[k3 3

¢c8uv #1 1011 O00EITTAI #1 AETC

There are considerabl e perofdeerdma mcaen simmg
s i gnoavle r-c oudre d $ ingnwailrsel es s comnmihrei cat i
Convoluti pnalpesaldicreg coded ogiegln ane s atg
sequence, and uses parity Clhoinv®|l acbmpna

codspecbftihed number of input bits (i),

4 4



an

a

©

r e

no

r e

©
(@)

po
co
an

i n

d the number of )me[n®iSryc er etghiesrtee rasr e 03,
rity ©bits, the code rate (r) of t h
presents the efHechembeger obf thepwtos
rmally range from 1 to 8 in practic
gi sters takes values ranging from 2
re guanti tdarees , t hmen d ¢ d rheetstea o ehtee rl aetnogrt |
| ynsolmhealconstraint l ength (L) repr es
coder memory that effect the output
ngth would increase the resilience t
t akes tloondyedohoedteinmenber s o f generator

ual to the nuewbery os$!l pdihred gwibiwdedwi n c

de i s generated by convolving the de
' ynomi al. The outphby codstmairmal |l gnc¢
de rate as (r*L). Convolutional enc
d -snyosnt emati c encoders. Systematic en

hardware and have&urstihmprl,e tlhe kerurpo:

enders dose not propagate cmttalsd rmogpshe c

nossystemati c encoders, the outpAt symb
bl ock diagram for the convolutional e
highlighting nthse ofaitnh e oeanmpomcer . 't s
generator polynomial, and memory regi s
modtulwo adders operation between input
reflecting the constrai ntti olnenogft ht hweer @
codes. The generator pol ynomi al s are
error protection properties, and t he
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standardised real .time wireless applic

RegllReg?

Fig

> + >
> >
-

A

ure (2.5.1): Bl ock diagram of main co

The code rat e of t he encoder coul d b

Puncturing wuses edwmmy nhi tamdi detbdi ng

advantage of using Puncturing is that
dynamically in a flexible way dependi
affects the received signal power . The
could be projected by the use of Trel!

i me sequence of event s, and shows tl
el ation to time figure (2.5.2). Trel!l
O Simglinfgy witd&den the diagr am. I f the
hen the input is one bit, and going u

s the binary zero.
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N=1 N=2 N=3 N=4 N=5

s1

52

53

Figure (2.5.2): The trellis Diagram st
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Viterbi decoder is a powerful and wid
Maxi mum | i kelihood dtcodtogedeftd@llhegTh
algorithm maximising the probability
the transmitted signal, by choosing tF
of the Euclidean metric. The Viterbi a
first cianlccluldaetsi on of the trellis metri
and decision bits), antbatkei setomé t ecr
the most | ikely sequence of symbol s. L
t he decodi ng talegatrrietlhnm sacsrtorsusct ur e, t h

' i mitation for the traceback that con
(BM) <calculates and stores the output
bits, and the esti matoeud ppudr ibtiyt sbidtesp e(r
i nput to the encoder and the current
(PM) represents a value on the state
particular node and particular ti me (
but t he ohnieg hveistthe ptealkessient s t he wei ght o
particular ti me). This weight value p
when comparing observed and the most

ti . meHowevewverwhem thaough the trellis

4 8



pat h, at any particular time interval,
that particular time with the small est

t hat tiTmweavienrdseixng@rdndt hecfoow coul d ha

the equal P M, and therefore the backw
|l i kely path. The backward process star
the node with | owest PM, a ngdt attheesn. tTrhai
way, al | the multiple paths are remove
representing the most | ikely sequence.
path based on the i mplementation of th
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This al gor i t h mBaktdeinekpGocke and Radiv (BGJR) to

maximise the posterior decoding defined on the trellis structure of the
convolutionalcode [47].This is an iterative decoder based on the forward
error correction code, and principally is a soft output algorithm used for

Markov chain based structure. It is important to note that, convolutional code

exhibits Markov chainsikc i t 6 s a f i nlin eVistteartbei naalcgh
the error probability is minimised bet
word, while the aim in BCJR method i s

i's very clear thathetttheer | pdrtfear nad ngcoer iit
error performance. The two vectors fo
signal taodQ ha&neéntcheleosut put sigmwal sequ
Considering the states of athees efnocro deev e
encoder based on the memory register:s
transmitting, the encoder transit fromn
ti me project YhyfiYyee avd (Y Bhdteating t

previolysretat et o the Yciumdiemat isng@ttehe am

for the encoder). The encoder moves (
i nput sour ce i nformati on sequence (t |
reiguned for fThenpmwmisserowmy. |l og |ikelihoo
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depending on observed finite and | i mi!t
fl ows
.00 pI

0 &Q 1T £ -
L@ o0 T &P

Ther et be escbemd aleder bed to as Ma x i mi
Probability (MAP) decoder . However, S i
t hat applied to the input signal, t he

depends on the input diegnal nadddt mg gt

in the conditional formul a would be as
.. Banq 0Y ORY A
Q I 1 € — —
Lo By 07Y ORY N c&&

I n the transition We) waemrd ntthesYpartreexd (lo u s

the paths through the bre® ehewo wlsd rlees

summed together in the numerator expr e
2.7.2), while all the state tratnhsiti or
the convol uto@ mal woeunlcdo diee qummed in t
Furthemore, the observed sequency (YY),
the past, current wandendé&heg ut ukel i(ho
expressi onmenmntuedl baesedkdgon its probabil
the encoder states. I n Mahkowspr ogerBay
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indi vi dual

guantities

f WR ) - )
oY 60 0O M"Y 60 ® RSY N
0 Y ORY  nhdy 0 Y
6hdy  0Y WY 60 & RSY 0
0 Y ORY  nfy 6 om1 0 C&®
6 0 Y Ohd; &8
e 0 Y n[fd Y 6 &®
T n 0® sy 0 &
The forwardtaatcogaftrom the injl, al S
and t he baccaklwaurldatp @ofnh iwhviollev etshe( tr ansi
states nrel abbdlitgeudr @ |1 ¢ 2.1 5. 1i mport ant t
reverse pat h (backwar d) only cal cul a
sequence had been received.

probabilities forming the e

t hat needed atta vlee paalcewisat e

53



The MAP adrgotrhd hBCYR decoding steps as

1- Il ni tialising the forward and backw

2- Calculating the Br@pch metrics Gamn
room 0Y ARd Y o
0°Y ASY 680 &Y  ORY 7

~ ~

oM 0RO OOM 0y Nd O

C
:§:
(@)

It i S I mportant to note that for t he
,corresponding to the specified branc
hand, the noise variance was not req.

reduces the algorithm complexity.

3- Calculating the forwar|d recursion i

ho g A
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4- Cal cul ating t

i |
W
e}
5¢

g
®
o
¢

5- Computing the

he backward recursi on

&

| iakse Ifiondowmdvsof the inp

N P B in 8 hh 8 2

v Bk n 8 hh 8 X
Time=k-1 Time=k

State=u ¥ State=p

- ﬂ_k
1
o %K1 0.0 ﬁo © o
{0] K_/ = !_’_,—"’—f"f

R
':-.:_{'___,- ' H"‘\“‘
IJ'._H-I e il H"'E ‘-\"\-&_“ B
(2) Q/ e Wl X "
2 . Yk X @

(1]

—‘———————————————rli‘o Bl:ir

he BCJR algorithm par



Further apcporudxdi nbaet i opmed to the BCJR al
Lo-MAP aned oA, which make use of the |
give an efficient implementation. The

the complexity by r emovilnogylAtPh emed ipan e

Therefore, the | atter algorithm gives
comparison to the original scheme. I n
recur sion process by depending on j o

expectedeWventsh)erednde has a compl exi |
overheddisososne odc¢halhleaennmgagpsprl yi-hgnéeaese
al gorithms i n | ow <cosTthiwi riesl eb s c aaupspd,
observed received signanmul vepter ,compae
regarding the states of the encoder wi
i nput signal vector, and the estimated
underfl ow and overflow due ¢ omallkess ginhie

algorithm |l ess favourable to be i mplem
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Turbo have @stacarcvalretiwornal t wo encoder s
sequence (orignala), i nd oa mhadtawenfbhggiggh] .i n
are recursive systematic convolutional
side, therlenmputOoudmfatt SOt SO) decoeder s s
|l eaver to reformat tmetsecon#&i gunceder.
description of t he decodi ng structur

i mpl ementation of SI' SO algorithm coul

optimise but involved MAP met hod, wittf
i mpl ement afThe turbo algorithm is an it
critical to determine the number of it
Choosing a |l arge number of iteration
and i f ther ei mist ,not htehralsgoorlidt hlm wi | | r
would result in failures. This partic
di sadvantages in applying this algorit
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Figure (2.8.1): The encoding
0
Deln<
0 >
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Del n
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v
&
Figure (2.8.2): Bl ock diagram
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The modul ati on schemes that have been
communications standards were based o
(QPSK) and Quadrature Amplit®QddM Rodul a
3AAM. The3&&MAtandar d has udef Phad e QI
Keying (QPSK) modul ation for up to 20C
(DCM) for t hsec hleingehlse [.498the [ b&r i ous m ¢
schemes that have been proposed in the

resear chummarki sased isn this section.

2. 9Quladrature Phase Shift Keying

This scheme had been assigned for cont
the | ower transmitting rate | ess than
Mb / s, 160 Mb/ s, QR3K mODu IMbt isgn has bee
dividing the coded bit sequences 1into

number t kpahtasheavaendl MQuadr ature component

t he normalii)saﬁt)ionexfparcetsosred( as foll ow.

i 0 ¢ ®¢Q p o ©¢Q p p B
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Ti pdeo mai n spreading
used in QPSK modul ati on

diversity required

- dmM&) n avpr eackiqrue n(

for

i mpl emented by taking

counterparts and

hence all owing the

[ 52]thd nefase i me

transmitted at di fferent

t hen
transmitter to ope

domai

fifty

vary the

t bpesthemehphS§1F}]
QPSK symb

mapping them

he s ame QP S

me sl ot s.

AQ(K]
(0,1) (1,2)
] 11 [
-1 1 >
1 (K)
° T o
(0,0) (1,0)

Figure (2.9.1):
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Due to the frequency hopping specifi

chamhnkteading tends to be independent tt
more performance strength in regards t
once the equalisation had been carrie

OFDM symbol s ar @QP&&Emo ccwlicad ti e Im yweerter i ¢

used in soft decoding by calculating t
and constellation symbols basge@, on spi
an¥) as foll ows

Q i i ) W 0w W CRHE

Q Y Qb YQay "Oadw 04y CBH®

Q Y YQy "Odw o4y cap8
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2. 9 uadarD Medul ati on

DCM has beebny sftuag3glecsccemmodat e the need
applications as part of the ECMA st anr
all ocating the DCM symbol (which cons

subcarriers bBEHpheatddabpelRiOOd DCM i s t

diversity in a |l arge symbol bandwi dt h
parall el and with 50 tones separation
experiences a deep fade, itere cmmraolya migl
same information but separated by rela
same deep fade is realistically very
symbols are mapped to 100 I FFT subcar

transmi[sss4djpet Mbdsgroups the bits in tw
| ength of 50 with 100 bits. 't then t a
+ 50]) and (b[g(k) +1], b[ g(k) + 51]
converted to 2 QP39K 23y mEDPAMa icfotnasiitiedl 6 at
maps was used to perform the dual mo o

symbols into a DCM symbol (figure 2.9.
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A2 (K)

0011 0111 3} 111 1111
&) [ ] [+]
0Q10 010 1} 1910 1130
-3 -1 1 3 S
-
0 Q
oogt 01Q1 =1 1001 1101
0000 0100 3 1000 1100
o o ] @
(A1): s [K] = [ (K), Q
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AQ (K+50)

0110 1110 3¢ Dl;l[] 1010
(o] [s] [+ ]
0‘00 1;00 14 0@0 10g0
-3 -1 1 3 ~
-~
I (K+50)
[+] [¢]
01‘1 l]J.l -1¥ 0011 1011
0101 1101 -3+ 0001 1001
o o o o
(A2): S [K+50] = [I(K+50), Q(K+5

Figure (2.9.2): Constellation mapping
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a0, bz1) wlatyso) bigggesy| T | QU | Tk+S0] |Qkss0]
0000 -3 -3 1 1
0001 -3 -1 1 -3
0010 -3 1 1 3
0011 -3 3 1 -1
0100 -1 -3 -3 1
0101 -1 -1 -3 -3
0110 -1 1 -3 3
0111 -1 3 -3 -1
1000 1 -3 3 1
1001 1 -1 3 -3
1010 1 1 3 3
1011 1 3 3 -1
1100 3 -3 -1 1
1101 3 -1 -1 -3
1110 3 1 -1 3
1111 3 3 -1 -1
Table (2.9.2): The DCM mapping signal

The-mdepi ng apr ddiewvsesr eises the two const
combines the subcarriers that represen
containing the | and Q quadrature com
been separated by 50 FFT tonestwand
di fferent signals with wvarious power
combining these signal s, one constell a

the two bits, and t he ot her one woul d
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each subcaeamtrs efourpbietss t hat had been
make the | inear combination of two sub
each constellation branch. The start.i
Ssubcarriers with totatioonf, 8anlli ttsheinn e
combining process, each output of a co
The top branch would contain the firs

branch would represent (b2,b4) as [ 56]

2. 3. Dual32ZCAMcul ar

Al t hougB6BCMA andard offers 480 Mb/ s tr
to achieve this data rate in real [ i f
causes drop packets. Thi s i n turns
retransmi ssi on iwasst ameededFuirt hehimer e,
could be adequate for data and voice

video conferencing and |l ive streaming
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woul d be needed to enabl e succesfsf ul
applicati o QAM Bltdrem@ IhAad been proposec
the system throughput by mapping more
100 | FEDndaTlhes79cheme takes 1500 inter
and then di WVi5dlesbitthsem tihretno further di\
forming 50 groups of 5 reordered bits
b_g( k) + 100, b g ( k) + 101 ) t-aor yoe ma
PSK constellations (figmappe&€d 9t @)t wd h@
symbol similar to the DCM, while the f
to t-woy 8IPiISlKe <constell ations. To furth
process, the first and the hundredth

prodegs the second bit from the first

next fifth pair as foll ow

(2 b_gik) + jB50( 21b)g(k) + 100

(2 b_gi{k) +#+ HB1( 21b_g(k) + 101

Due to tharwyatbbrke cofns& eihlsatil dmati ahl po
equal amplitude which a®@QA”A3M amotclhohenrp aa d \
to t h@QANM OGM scheme in terms of consta
this type of modul ation coB868r madt bavek
the ®&mMe frequency planning by using

carriers separated by 50 tonnes (sub:q
di versity pur poses, and each subcar
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reqgui rements.

Qafk)
o g = & o1
101 o _l . & m g
| | | |
| | |
-dz2 di d2 Hk)
-d1
100 @ —J—— -1 110 @
o @ S | R ®
(B1): S [K] = [I1(K), Q(K)]
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Qfk+50)
01 o — =12 ® 111
001 o N ol g
@ - d1 o Hk+50)
o @ — a1 010 @
o @ L ®
(B2): S [K+50] = [I(K+50), Q(KH+

Figure (2.9.3): ConsQAM:l a(tBloyn =maS p[ikng, o(fB2DC =3

I n the demodul atimappragesas bdbesaf pr by

Q components that had been transmitte
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subcarrier represented by a symbol con

QPSK symbolisf,t pl wistmawmeedh adeor di ng to

t wo DQAM2symbols ( S(k) : S(k + 50)

constellation, the fifth bit 'S consi
close to the constell atibakesiatval oag
itdos close to the | axi s. For the <co
applied, that 1 s the fifth bit i s con:e
close to the constellation pGhabnal on:
St at e |l nf or mati on (CS1) had been use

process. System si mul at@QAM haosr sbhootvhn DX

the | atter outperforms the DCM in terrt
range. The resubus 0 B s etahrecshee s p rwveivl | I
devel opments of the design model and

devel op a more optimised modul ati on sc
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3.Desi gn

Il n

this déedxipdres ,oft htthe propodedc MIi M&d m

cluding the dewelrovprewntofphaistelsteensA g nc

mmari sed in the first part. I n the
hemé hwap!l ai ned and instructions to t
i gghltied . mddhul at i amalsykhednef icesm a desi gn

det ai logwmetwmoddle pringipla. cdheeptec:i
del design was then foll owed on the
i's phase was undeiltakars. eklpd adeaeidg ra |
alysis was then produced. A configur
e model to increase the coverage are
nformation of the modelli ctaotheindsalsdls s
cti oan ngaitvheesmat i c al anal ysis the perf
this part, a mat hemati cal treat ment
cluding performancel meéitmg c rtameeaskis e :

mmari sing kthe design wor
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The

syst

$AOECT / OROOEAX
mod el desi gn of-UWB pwiyrselceas s | caoynemu r
em operating in the free spectrum

modul es r eptrreasnesnmiitntgert,her ecei ver and t

prohadt been divided into | ayers and ea
operati onal functions. The design tasl
with various degrees of compl exi ty. T
modul e, t he phyeli calnd chdarenedecmoder

arrangement was emlBheddepdsisnngheé hdesidegns

i s ability of backwar d compati bil

transmissilome rsadhe me uses t he i nher er

digeties to boost the system perfor ma

facilitates higher throughput that dyn
physical conditions and the type of wi
The first Isaygenr fofamewat kensmi tting m:
consisting of two spatial el ements wit
part of this phase constitutes a mul ti
and evaluate the systleen ppafioamanad f
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di versity presence. This in turn intr.

signal, and so I mpheviegettenfbgi medbludg
| astsysubem within this | ayer, and incl
al gorithms, as wel/l as objects link re

was t o evaluat e t he proposed concept
algorithms into working wireless syst
condi tions wasoudwalltuaofe dt haeh rtehcee i cvaesres
satisfying the test requirements, t he
unt il certain cohdstmehsodrenahbtesfi e
stages with ascending ordgera imottteornrm u

hierarchy.

Once this phase was compl eted, t he ne
MI MO transmittingyahnhdmsecAnviamgi subna
| EEE802. 15. 3a <channel mo d e | woul d be
includgegectiBewobhin the pervious devel
as stringent modul ation and spati al r
phase would include an optimised deco
me et the desired irdeagtuiiorne mefnt she IMaxee a
would be met at this stage, and hence
The results error performance was the
identi-gaetedl pvel s | ®Bysh@tmsimoigs ath e powwm d
phase and covers the i mprovements to t
packet error rate (PER) for the commu
was further reylatcem. i hhe hecempludxi ti es

studied to makpe oVvemehe, and the overa
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optimised. Testing of t he applicati o

nd

i tn

de

S i

st

pa

i el

itions, by the simulation of hypo
ess of the model. Anddembeddédriequ
I and then examined for approval
gn was <carried out in this stage
em in real time environments.

evaluation phasef iwnamil ves imuddormpl

ro to full fill]l all the design requ
he final version of the developed
ign model against standdrsdi sed and

efined parameters had been used t ¢

irements such as the time del ay, |

i o (SNR) and the power profile. The

em aretqui we mmh t he achieved result
ept s. These results approved the
city, by the use ofthlepakmawl ed@enein

d. e lguwvee s3 .aln tohvee rdveiseiwgnt of r amewor k
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Evalustion metrics

Y y
Sptey e
Improvement et Optimisation -t R I
B Concept testing equirements

Results Presentation

Fi

gur e
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Practical models
metrics

Initial Transmitting blocks -

!

Developed multipath channel model

:

Initial Receiving blocks

Testing
Condition

Development af MIMO transmitting madel

IEEEB02,15.33 UWB channel model

!

Devel of MIMO madel

Specifications

Evaluation metrics

Scheme of t he

Specifications

Desi
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c80 $AOCECT -AOQOEI A

331 The Transmitting Model Desi gn

The design @ahehimbedout at e oof scheme cons
each of which contains dual QPSK const
into two sequences of compl ex symbol s
every branch was reor ¢gdrasambon e mtter ath e
compl ex numbers. This transformation e
modul ated symbolworwi t hainnd tihmeprooeées t h
across the spatial and frequency dom
enforces feequency aed fading variati
component s. The next stage in this tr
spectral efficiency (bps/ Hz) of t he m

met hod for achievingl aigé wmoduwatriedess

convert the two bits symbol into a | a
|l ncorporation of dual circul ar -ag ypoi nt
PSK modul ation would results in an in
facilitates high data rate transmissio
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bits gives this particular modul ati on
Power Rati o (PAPR). Further mor e, I ncr
symbol and t haty mbmlcr e as s btyheenabl ing

transmi ssi on.

IFFTISpskl1[n]}

Yy

S1l=ril+jimgzll Sqll=rl2+jirmgll
BitS :’
e oo

S1Z=riZ+Emgl? SgiZ=rli+jimgl2 j
-

IFFTSpsk 12 [n+50])

Figure (3.2): The formation of the modul

The saepepmeed on the two branches with
and hence enablingilegady Destiemd vard
Every branch represented a group of fi
complex symbols and the fifth bit was
takes the interchanged compl @RPSK y mbol
symbol s) and the fifth bit represent.i |
branch, and G2 for the secondr pr B6Kh) .

was designed so dtitksati nt herde ascaracascsd wtated
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orthogphatke | Qmnadrature domains on the
di agr am. The eight signal points were

domains badcwal olbudlhiedeean metri cs.

Constellation plot for 8psk map
3y T T T T
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«(0.99996-2 4141i 4.99996-2 4141i
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-3 -2 -1 0 1 2 3

Inphase( Real part)

Figur)® ((T#he di stance metrics across the

Il n t-aryg B&Kulmti on with const anttheamp
positions of symbol s we+(e2 2r.o02t adteegdr eaerso)u,

to ensure that onl ¢g2f)rwom dti lse amrcieg inmre tad

and i mags niamythlhexecompl exopstakl xctoindra i
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These metric | ocations was used to po
using the driving bit (b5) | ocated in
the first branch, t hel st wor oou ttphuet fcooun

modul ation (QPSK modul ation) was mul ti

be transformed into PSK complex symbol
ei ght point maps. The first compl ex s
consteloh, while the second symbol rep
within G1 was a | ocated to the second

fifth Dbit represents the most signi fi

symbol ), and wmase utse di daesn tai fryeftelree part
the map in which these symbols repres
were applied across the second branct

efficiency of the systembol Sheepnrege mt

foll ows
o ) © oP
o) W @ o8
o W © oR
@) @ K?)) for:1
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Wher e wé 2: UT;NN QH?BEZT(Q

The metrics dl1 and d2 were interchang
bi narynvahaecastse of the first group,
on the dual <constell ations.

For the first constell ati on

Il f b5 == 0

O I pzi Qdk @204 O

El se

O I xzi Qdk P24 O

For the second constellation

o) i [ Z‘I'Qdﬁ‘;‘, o
* i W] N
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El se

O I’ B z N 'Q 4 A . :‘ i 3, z HQV o A . '“ ;
P w(annff"ﬁ * aw@]nlf%

End

Constellation plot for the 1st 8psk map
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Constellation plot for the 2nd 8psk map
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8 2

The f or muslyambeodl sSPSKer e t hen all ocated t
with spatial wvariation and over 50 MHz
mention that, due to the wuse of MI MO &
every branch acrosaltWwoegoneropasepahea
much greater, and i nsures maximum deg
spectral fading across these symbol s.
subjected to the same process, tvwlei ch ¢
propose@®@6BCMATamel afridgur e bel ow il lustra
R
Sai Ak ~| sali—r12ejmet
s12-r12+jima12 a12—r11+iime j <
> IFFTISpekL1tnT)
s1i-ritsfimgil j Sali—ea2eiime11
S12-r1z+jimetz T j I
Figure (3.5) The transmitting configu
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3.2 The Receiving model Design

he receiver architectureacengsHSaSd s 8o f
onstellations in every branch. - A cr.

hase components with the four recei Ve

ndertaken by taking the real amplitud
econdc hhrand insert-pdase pomagen et tdife
ymbol within the first receiver branc
irst symbol within the first branch r
y mb o | wi t hi ni vtihneg sbercaonncdh .r elcne a si mi | &

ecei-RRK LBy mbol within the first recei
eplacing its real amplitude with 1its
he second receiving bl dckechirwadPrS&s s
ompl ex symbol was mepdiafsiee do fb yt hien sseerctoi
f the first branch in place of I ts r
ignals carried by the four complex s
d figurdeesp®s thisThesrgoi e th dme dghn alusa

eceivers had been expressed by the fo
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VIR g VIR e oD

wlc I G)f?e UnYrIlq I U)(f)s UHO&&

VIR gy R Gy ot
Wh e iOe ani® were the channel Sspectr um:
second sections of the ith receiver
Channel equl ai sation was <carried out
caused by the filtring effect of the m
a critical step for the system perfo
i mpl ementation is an essenti al requi rn
I n the presemdc gehsotbi smahteenrndle f ol |l owi ng

was enduced.

VA SN VAR OB
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VIR ot VIR e

AFL) BN IRV A o

The noi swvastasmumed t o behréeGNretre i res e&n |
such as thermdeloreoimueti phdcaheon by t
woul d m@pd tchea stati sealm. pTapatmwg oami § hi
the mowsmr dcettéremipm acti cal esnpre rffoorr maa nucs
To el aporate on theasmatmee nitahtei crsqi soen ep ¢
amaengi sedti gy by i gnor i g fimhoen adhdei trieocnea
symbol formul a. 't i s important to men
highlight the channel eff ectte mantwatyhsi s
exists and there is no way to compl ete
the availabe al ogr intohmse waeulmd rbiurti mivisle
the noise clohmepmxsleetperloycess woul d be repi
antennas and then the transmitted symt

to mention tdeeesesstwintanhiimnoma radiati n

estimatedsymahbmiforedne of 'Ytchoeul rde cheei v
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recoverd in the presence of frequency

formul a

c ha

t he

c ha

VIR airge Pey 189 o

Yr]l

3

. w20p P pid% o
I éTQ‘e Un'pé v Tt Wq I 085@”

was cl ear that, eadh ofomi mg e oen W

nn

t

nn

o]
c

el Tshpee cdtirfufne.r ences i n the channel
wo degrees of freedom in the dive
¢l o.nilyherhdenv eo8ilkayd been constrai
encays dioomawans thaessasal f DC modul at
| ati on between the channel coffei

effect the dual received signal
e of freedom encapsul atneids eb yt hti hse
|l ati on factor, and results had s

e of freedom in the diversity to
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3. Moi fi catRiecreitva ntghemod el Design

Il n wireless applications where the co\
model coul d beficloihft gius edr ttoediua.l I n w
the wireless range demand pl aysataomwc,ru
and its eclipses the throughput requit
be configured to replace the multiple>

ross the spatial and frequency dom

o]
(@)

increasgnah powersiwithout a violation
increase in the radiation power. The
but the receiving model woul d be read]j]
combine the receivedccey wwhwmlgs amtemntalse
in the coverage area comes at expense
opti mum performance for wireless rang
gives a block description of th-e rece

mapping and decoding algorithm remains

8 8



Rxl1_&PSK1

Rxl2_BPSK2

¥i1=rl1+f_11

Rw21_8PSK1

Rx22 BPSK2

Figure

(3.7)

89

¥2l=r21+] 21 — Combiner
Yi=rie 1
>
¥
Combiner
Y2=r24 2
¥12=r_124+] 12
> ¥22=r 22+j 22
The design

scheme

by Yler24j1
5ol OpsKl
85_1
P yma-rise) 2 L QPskz




On

t h

e omaitrheaims in using MIMO system i
rough the introduction of Spatial Mu
numer i cal derivation of the error p
esented. Anal ytiicad déwtr mud adri one wialb
e scheme in the presence of noi se
ction drives an average probability
rect -lame mdn sa gdftf icchiaenmtesl.ctiomnt he he

i stribution of the noise was used to

mat hemati cal expression for the err
mer i cal der iwv stei EEm r ofr tPheo bR®diid ity PI
he pirtoypathehsity of the pairwise dist
mbi nTahiisonmet hod enables to formul ate

uld be applied to different channel
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3.4.1 Analysis of Average Probabi

Al tugdh t he coding and mapping of t he
detection in the receiving process, it
form anal yti cecalprfodraroull d tcfyoourd fdt orer aro.t i T
Gray <coding fom eewampléee ebddhelwvbper obabi
det e ateicasesaisgerciafnt | y when romhinfetiignhgb o away
symbols in theTkemesfterd,atda onu matpi.on of
condition in the constel ITdatei e emap owWOo L
performance would dependent on the f
governs its @mro®abilmtyhidenwnt mpdeéhe

consi sthEhhggsofchannel amamdithems, i andt s

probabil iunctdemsiwoulfd be used to des
combinati on of l i-heneof ofsi ghghtantulnto
component s. Therefore, t W0 avelrdgde p
redefind in the following form
0 O

0g 0 [IEh Qr o8P
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Considering t he

approxi mation for mul a
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- — Q—o88
T p ¢ OB Q
With a few assummptions
0O
- ¢ OE+
L P Q— o8&

- e OB+ Q

=
©
o™

There are multiple symbols being tran
antennas in the presence ofldualtdepat.
analyse the performance of MI MO systen
to obtain tdafe mulatmispni s ss pymbol s acr oss
Each transmitted vectspacwosktd béel mepgst
represented as foll ows

Making use of t he Upgpaede bwarnd erornadri t W
observed one the receivers desteetctt heartr c
di ffers from the original vector acros

be projected for the MIMO DBDu@) aCarrier

o "YO¥p 8YO¥c 8YO'Y 6p° 8YO'Y §¢

o 0 6p& 6c& B6pz 0 6z
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0 O06p 8 0 006¢ 8 000 6p° 8 000 6¢° o8P 1

Due to the symmetgruya dreattweeen component s

symbol , the calculation could be simp
symbol for either perpendicul ar -phase
phase quadrature part would | ead to th

YOYép 8  YOYég 8  YOY 8pz 8 YO 8¢z o8 p

ot "YO'Y§
0 ¢ 0 "YO'Yd
.. 0 ~
oY = 3 3 cy o8
5 ( P g
o

Let the symbol diff fandntbemeymbpl eduttf
as foll ows
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Therefor e,

~ s O ~
[74 'N"_’ E E(Y
L g O 0 5 A A
o o
And the conditionl probablaisty coul d be

s .. O ~
0 o} 0"y — o o8® o
2 O ¢ ®
o
. — B 3
cy (@}
~ A
Y &
0 p_'Q’ oQ o8
L g O - & — T

Expandianbgo vieheexpression to represent t

guadrature components would | ead to

OSFI (0}
y — B B &
~ A
ey &

P ,

- Qo o0Q— og8® v

Il n order tbedewvermi heprobability of e
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di stributions of SNR is required as th

0 O bgp 60 T 0 1 Q Q a8 ¢

The squared magnidtamweulod deéteercrhiamen etl he
di stributiamnd dEgUace dt mMmagni tude summat i

ecludian metric resemples the distribu

A £ Qs ¢Qs 88 5Qs

Andl £t hat was conBISQUAKREDt o amedoan €ar i a
2L degree of freedom. The density furl

defined as

0 T 5 pﬁ Q o8P X

Let

T — B 1 e @, Q2 ——M pgog

Then, the average probability of error
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Expandxphessi on and assuming independe
radiating el ements would | ead to

00

p - B - . . - - .

y 8 Q o1 i Q & QO &8 Q—o8d w
00

ﬂ g _'QB —+T T” 0 ’Q—'Q”’Q” o8& T
T YO pA
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3.4.2 Error perf oronmahnec en omesaes usrtea ttk

I n order to validate a wirelegspmadel,
to different transmitted signals and
deterministic wirelelssown gnaltr dmemietf c
signals for the analysis proposes. B
signala X anmadsom variable, and given tha
be statisuwtedl| bgcdadndgitmg bt o tthhens peicei f
received signaraNMdwomuhvdr abhbbebeThe | oi

woul d be

"OMd B B 0 oo d - 088 p

AT E Ep
0 aflod T0GH

0 ¢hod T dgw

0 wd T0Gw O

Ow OwIWw 088 ¢
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The mutual information | (X; Y) 15

And

N QOO Qo

QO QA0 QR0 Qo

Where f (YY), f (Y| X, H) and f (N) i's the
the receveedotshiegncaolndi ti onal PDF of th

PDF of the noise respectively.

Theonditional pdf of the received sigr
the transmitted signal vectors would b
QUEN0 QU ?A 7oK VIS
P ,
— A@b ds o8&o

Where R are the number obferr eacfeitvi amgs mil
antennas

Hence,
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Ma x i mgi sti me above condrndgg wintal i PDFE h avo Ml
l i kel i hood (@t M) tofansmi tted code word)

pr dbdity of the system as follow

) A O CA ®agio

(v y W 00 &Y
A , 00 %
A A7
o) AOCAQD—AQQ O iy %> 088 U
2 Y 0O & ~
o 8 w W"C)(JO o
& O Oo
. O o)
w — O
2 00 8:7
6 AJCEd i~ & 088 o
(o S 0 W
© FE 9@
o o
The probability of symbol error woul d

the predicted €eYwown eo ubse choidgeh ewo rtdhan t
transmitted code word X. Il n a mat hemat

be expressed as foll ows
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C o
And the noise coul d be rel ated
metric.
. O Ty
N W —
q 55 &y
L e 14 3 \‘n, Fl\,
oivgd @ 0V0O0°% Oin &
(o 0 Rl
©  F5 O
C o)
Since Y represents t he correct
combined as foll ows
o @ U | QY
N T ) — A
v 0 0 00 oy
L 14 3’ \\m H’
oi1va 0 I~y &
Yy e} o e} &y
8 T ® YV o ¥
o] o
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343Numeri cal Evaluation of PEP

As there were variable coding methods
normally varies and tendodioagbscéatmec
the case of Gray <coding, t he weight o]
the distance between the received and
because nearby symbols would have high
of oernn each symbol would require smal

more bits within a specific symbol, t
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\'

chieve that. Twouhidglhcemenmgpy adcfe e©mut e
he decoding seprhedieagornamt. helT hec aetnter gy
robability of errors have an i nvers
ecoding. algormiddhmi on to this observa
chemes spread the symbol s oenntt heen ecrognys
eparati on. That I's to say, for Quad:i
nergy between the symbols and the ori
ariables values. While, the Phase Shi

alues ®Retswenbmltsh and the orFogri na osfi ntghl

symiBoltransmittedtfthrromramtremwmaltd result

M-1 neighbouri ngSsKymbam ltshi(n7 tthter ccBuwnlsd eb ¢

noticed that tdieecoldairngge rt hteh emosrpeh emresi ghb
choose from, and therefore there were
selection. This in turns increases th
system performance. On t he udtdhebe ha
envi saged in the second small er spher:e
symbol s. That |l eads to a smal/l percen

|l ead to a more optimised system with

point to manti bhehteeemtbBrroneous symb:

t

he process of estimating wrongly tra

correct symbol i n a collection of nois

| et current proposal, usicdw@baumii basaads

on Circul ar and QUuathat ufroer-axrmpoodf PIS&t i o
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constellations) were used in the PEP

deri ved based on Maxi mum Likelihood
I nitially the sgimbatlisomchad sbhedr ToNBM
' i keli hood probability with maxi,mum a

from a transmitting point of view and

signal, It was reasonabl eiltiotiass umiet feic
constellation. As t he desired signal
stochastic process, there should be ar
signal points. I ntroducing the Union

haviegnaumber of points within a specitf

the probabi®foy afsengbe transmitted s

0 0 0 0 0 o880 O

v O v 0O 088 w

As there were M number of symbols acro
with equal transmitting probability, t

obtained bagserd Dar mahkati on as

0 0O 03 0 0 o8® T
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Having obtained M symbols for transmi
symbol error whi cthifkr, o utlhde ni nhtaevri pnrge tseedn db
S as one dft htime tshiegnvalmaw, then an err (
e as an el ementcoaofrespiomdmappawobul drror

The joint Probability of erroneous sym

I n the case of upper bound on the Prob

be M. M combination of pair error proba

5 p
O .
v 0&

Having defined mg st itphlee rsaydmbaotlisn g a cerloe
mul tiple spatial configuration, the er
mu kdtiimensi onal modul ati on. Expanding t

mul tiple antennas, then thke phebabdl at

el ements would be
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| n order t o evaluate the proposed mo
performance, It was <critical itho teéreal vy
received signal. I n the presence of <ch

entity which could exhibits distortion

t he equalisation process &thowie prieatr
knowl edgesbohte channel , t hpe orcestslsiesdi.n g
could be done by investigating the st:
component s. As it was more involve g

error measures, ta omr avatsi cneele deepp rt cox iinmmad

pairwise error probability formul a. H e
by assuming that all the receiving syn
symbols were independent faemaeaelal ot
measur e as t he transmitted signal an
i ndependent and i1 dentically distribute

PEP for mul a

0O Op O o8® T
I ntrodbhei ugpper bound principle in ord
system model would give a maxi misatio
Therefor e, the wupper bound pairwise e

within the MIMO confeidgurnattieornmsc ooufl dt hbe
energy OmM@beti ween the tr a&mgmiotntusd det ac

symbol s as
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I n the case of erroneous sgetnec ttihoen QF D
bl ock across the pairwise constructio

define the PEP metric within the follo

o ifQ Y ifQ Y i o8& ¢

Wh e Y SRQ1 1 & d Q¢ Qi @A B0OD v QA

Assummi ng that the channelN fslzzad gt h & tm:

spanning an QDM ,bltohcek f ormul a coul d be
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Mani pul ating the <channel fading coeff

reproduce the following term

Considering the pairwise distance ener
the erroneous estimated symbols which
exponent DaQ i marat maft ri x form (K) that
combinations tthat emaxirmiqguei ty. Then, &

be defined as

Since the power of the pairwise distail
and the components wer ediisnd,éd phedntdeedn t a
sqguamaéeri x K that contained the pair d
radiating el ememtrsni woahd péebismiutar @an @l o

t his cnoautlrd xbe expressed as

y ¥ 8 VY.
o, 8 L U
L') ¥ Iy‘? y‘? ,\8 y’ql’l 08 & l.IJ
ILe Ue E Uel,l
W Yy 8 YU



Applying matrix decompoasiftoiroomatamn nt hoef 1

mat rAacneds it ssaochj ugatemul tiplicatni on b
an identity matrix (AA*=1) woaorst aifnetdh e
symbol pairs differencdwmatdi be amdua

describe the origi mMmdale @admwglrheexo neanttriitxy K
governed 4dmegathieagoonnaht conatai Ring 1ts e
_ho pB"Yon ditasgonal Thiosi bpenati owi $e& ansf

combination into the following form

0 6 to hoe O

Therefore, D(s,e) was redefined as

0 i [Q O U0 O 6100 08d W

The fading wasefdicendaosm Wwariabl e that
statiscal property of the the medium i
i mpor at ant observation to mention was
randvoam i abl e parameter encapsul ate the
term was multiplied with it (ie: H* A)
%t hat reprents the multiplication of

coefficients.
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% 00

Therefore, the channel fading effect |
transl ate this experssion to the follo
0 iR %o + %o
0 _ %o S 088 1

Due tthee presence of t he c@anudsistitiaonn adi se
probability of the receiving symbol \

configuration could be expresisedwinhte

the foll owing formul a
00§ 0 AOIMQE
v v cO 0 T
0 'Cs0
0 . Q Q ohtaoh 088 p
Whes e —
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Appl yiGihge rtnhoef f bdé wma & @ d ntt thiemmgexper ssi or
refomul at ed by expanding tiwe sepeemr o
probability across t he symbol s wi t h
bounded form.pTédeeerd e ed ntmaurkrhaepland DC
configurtaheomondi tional error probabi

bounded as

v G0

gAQD- Q 0 6Nt s h 088 ¢

The channel statistics would govern t
performance in the particular environ
altered depends on the <channel fadi nc
various channel aomeil t ihards .b eRay luesieglh ic
evaluation for two i mportant reasons,;
performance including the error rate,

proposed model s. Thes edinsetaodnecitteve e al It dwe
various wireless models in the simul a
comes from practical chall enges, and t
close form mathemati cal expression fo
applyi Rayltdi gh model , ther e S only
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probability density function and that

softwar
constan
an accu

perviou

e and hardware running environrtr
t when the samercétsnwetefasgsngy
rate comparison had been perfor

S proposed wireless model . l nc

the error formula and taking tmhe yaver a
introduced by the random variable wit
derived conditional equation to the fo
0O 080 0O
00
{sAop M Q 6"+t 8N APPSs QO08% o
Where the pdf of the channel was
00 ¢8&Q
0O sAob _ N AgPSes Q0O o088 1
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00O
0
qs Aob c(56=n
$Cs Q0 o088 ¢
00
0
qs Aab G0 n
p G Q0 088 X
Let s
o )
wo=-" P W
00 qs Agbw s QO 088 Y
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l ntroducing t he foll owing Lapl ace tr

equation would | ead to the next expres
P R
Qwn Qwi—h T
0O P ___°P 088 w
W O a
cwo="1 P
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I n this chapter, the design steps ta
explained and described in details. A
with an overview description the sche
and recei vitnhge i ngoedsewesy iefeavre d |, expl ained,
i ssued. A configuration to the recei V¢

increase the coverage at the expense

demand applications. A mat bemat iwas!| tdare
devel oped in terms of the error perfor
i mpl ementation of this design, and gi

the wvarious algorithms across the des
OFDM wiMOh wIt hin UWB wireless system
anal ysed. The finalisation of t he <c¢h

mul tipath environment would be covered
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4.1 mpl ement ati on

1 8)pl OOT AOGAOET 1

I n this chmpbémente hdkonni gof hahd been cor
wi t hexapnl anahe ononoeptt. fTohrinsul iamp lo@ame nt a
carried out in the simulation environrt
The physical | ayer set tdi roga sveas oo it chec tl
368 standard. The chapter was divided

considered the construction of the tr

modul ation for the desired signals. Th
cannel that was wused to infer the 1ind
signals in this c¢close environment. The
with explanation to the integration o

recei ving str utcetsutr ebedandeqtuhi r ement s f
proposal to optimise decode method wa
system performance i n t h e manrekksh e msse c t |

summari sed this chapter.
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Il nhis proposal, modul ati on was <carrie
frames containing 1500 coded and 1inte
frequency diversity, these frames were

spreadi ng acrtoismsg tehlee ndeunatls .r aldni at hi s sc
was used to further enhance the syster
fading. The i mplementation of the sche

So as to ensure backwaedcecompandbdcdmply

high speed hardware c¢clocks at a sligh
every branch, a block of 250 codded al
into 50 groups, and every group cont ai

exhi bit mul tiplexing anrodptdimuenr smatnynepr,
hence thheydP&SK &ymbols on every radi:
separate OFDM frames separated by 50 N
t hat adds anot here dedr esa gmfal f rsaudbcca@am.r i -

modul ate an equal number of 8PSK syn
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di stinction bet ween t he DCM modul ati o

frames within a branch carry exactly

schemeanese Wwere independent and carri e
group i nformation. Therefore, the for
mul tiplexing. Encoding was added to ¢t

errors at recei verws.t hConvroelguitsitoenrasl, c20
out puts was i mplemented. As the codin
dummy zeroes as part of the puncturin
achieved by the Udde @funtchiusi mgwdsadt er |
used to retransform thepeaiifgiiendd! r aetne o
modé&he generated data was then passed
Bwith a kRkomgdthr aifnt7 omemonrg frreagm sttleeg s (

memory hotl dusngd 1t diperform thAe dathasrol

generation file was <created to produc
|l ength 450, 450, and 225 bits. These
convolutional encoder reswitéadlemgphod
and 450 bits. These vectors were then
resulting in the required vectors wi

Modu2l cadders with the corresponding po
pr odtuhcee out put encoded information dat
projected based on Tshpee dirfeildd st rselrluicst us
i mpomptaarmtmet er in the optimisation of
had to be ppedefipdtdeée hpamdefi ned stan
l'i brary function Poly2trellis had been

on this model design, and therefore i
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proposal. The encoded Iiprafseremattioona nd aitn;

procedure, as to strength the robustne
t80 -1 AOI AOCEIT 1T &£ OUIAITO
Tle i1 ncoming binasppstdr eianniso wreordeul mate d s

involved a number of prpdhcaesstles d3 ar itale
steam was convertedofinpar dlrluenlc assle d u & re«
si ze, and then passed to a Fourier t
transTheionterl eaved signal i nformati c
i ngepf rames, and tehrercef werraemeFs .nulibe f r a
data symbol s, and this sequence was ¢
dividing it into B OFDM blocks and eve
Then, these bl oclse tthrea res mmatetpierslg helremi n g

matri x of BK x A
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- b b s8sa 18

I n whichxthel maed tforamdlfockad twhermide

i m i pE i 0 pp

i) L L P &E i 0 P 19D
1 é 6 E é 1
i m i p8 i 0o pU

Every radiating el ement had been divid
had a number of B OFDM bl ocks of sighn

fotrdv' Dr anehv 8888y wasent serially in OF

2¢é B, as part of the encoding svcheme
represents a .veltheobt od&d elnegdvhdbrdkdend t o
| FFT wher euémeypr sactai fiosneewrdme d . Il n this
there were four radiatedosympalrs] | ahd
transmitted at the same timemitnirger
br anepho,i nK | &gl iwveads fori ome Thamef or ena

first branch, the dual OFDM symbol vec

] o o
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i m i p 8 i p
1 i m i p 8 i p o8
For the second branch,
1| o o
i m i p 8 i p
1 i m i p 8 i p 1o

The space frequency coding that had b
scheme for this configur aAti otnhevats idrestc
ti me, t-hey fByBdobBs 0) ,i oO,i 0) was assig
to the f (k), and f ( kb# 500c)k sawhr coesrsr ibeortsh v

antennas.
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Tx2

K K+50 QOFDM block

Figure (4. 1)cy dSpvaicsei oFr engiutehni n  an

The transmitted signal frame for a t

within the b OFDM bl ock was represente

o3| O |

Wh eftYe was the duration "8 f=KW¥)h¢wads DtMh es y i

ti me duration for-—wass wab marrmadri sayy mhhnl |,
average transmitted.energy across the

The i nformati on stream across t he mt

modul ated acrokBandorethagoalas SBSoabmi ng t |
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subcarriers of the OFDM symbol s. The
frequency domai n, samac ttrhuemn el eod et d hlee sti
the time domain through the inverse f
process is easily i mplemented in the
efficient since the spectrum was di vi
more i nformation dat a. I n addition,
formation of these narrow band channel

it more robust to the effectclwdnne&l s a

makes it | @ s 1 gnpud eset inbolies e . Further mo
transmission as a pose to serial cour
dynamics in terms of resource all ocat

varied by transmtchannglaatiwvwaidtl lidf nef raedmen gs
secorndage of modul ati on, the transmit:Ht
frequency domain to the caomversispre.ctr
OFDM carrier frequencies consist of or
useod ctarry a compl ex symbol represent.i

overlaps the subcarriers and that ma k

efficient way. 't could be noted that

have two parts, e ti andhda hienfsercroantdi

carrier function. Thibsanpdr osciegsnsa |r eassu |ftosl
® 0O Yo o A T8
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AT 1T ZFECOOAOQEI 1

I n the i mplementation scheme, there w
antennas, with an OFDM modul ation that
100 tonnes (Ds) were used to carry the
carries wasardesnigemrded ocamd commodate the
converted and samnplded. metsswge usef ul
function f ol dtshodgh,e asn dg nhad n caet igsohsi $f st i bnegf o
t he Fouri er transformatéeonthlvas sampls:

readjusted i n & Sde\\dhidod edd tfhuenscet i soing n a l

124



redundané¢dgs, enapcsh) hilnock of 128 proces:s
result in signals vectors that were di

dat a carries on both hal ves of t he S

function. The wupper section of sampl es
spectrum | ocation, and the | ower part
l ocati on, whilecyw hepacna dWwas falloeat ed
frequency sampl es. This formation ens

centred at the zeridN/f2r e puen 2y peaemrrd orduns
symmetry of the vector had abnede nn ecghaatnigve
frequencies symmetric around the zera

descripti onerosf utsheed pianr atnheet t r ansf or mat i

I esion Ve
IS lnber of plf subcamers | 1
15 Jmber of uard sueaes |
N Total e of T tones | 18
ls NumderofData subeames | 100
Table (4.1): Frequency transfor ma
The duration of an i ndi viadua242l. BRTs

(nanoswkbioaold)represents theYfimamedotft i omn
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these orthogonadal kb quieqrrcyl ssplaave g o
bet ween carriesgE@MA detfamdcear d.n Ttthe samp
every | FFT tone cobbtOaitrhedds ifruncheé omumd
particular subcarrier within the OFDM
within this symb®l,) arnudn st haetd f 50208 t Nl Hbzo s(t ¢

as foll ows

T
g(
o

<

8%

o h Qa Wi Q

The symboilncdaluuwdeas otnhe flreannge hs wbfc a2r4r2i. edr2
t he -pzaedrdoe dr subrcs of 7(0GI0 8d ynrsd taiti came)l il g s 3
ns, and this period duration would def
information. A pomoptdutwawasnemhe onedwnc tOi
receiver compl exiulyt iapltea cshpeadt iwailt hc ot nhfiis
maniifts@il f i n the orthognality conditic
the Four i%®s dtuincfty omhe condition, and

cCresosrrelation receiving process.

A —zA — min n 188
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Al t hough ®6hgndlil sgfe)ewas spread acr os:
part of a transmission-poi ame dasadretea
transform of symband draedau n dGannccey tshueb cdaart

added to the symboFDMesymbolbrdafacthhdéi

| ength K was summarised as foll ows
.- p . —
o1 — o wA Y 18D
p ¢ W

Where R was defined as

Y "Om A — RAY. —
Whedre, On,and ® were the Actual i nf or mat
Guard subcarri es, and tbe5 Pidmder®ubca

the functions t h#&t9]-9npapnsd-1tLHe tion dtihcee sl
frequency subcarriers.

Adli tional Guarnmgpplneer taol mvds gate the
compensate for the jitters in the tr a
del ayhefrecei ved r@RDM r € g mhteMicso mé&l t ho s
j i tteriTnhge effifneaclt .i mpl ement ati on stage
was extending the | ength of the OFDM s
within every frame across abilgth&@hfeur

was edohly i nserting an addi ti onlan 37
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compl ettihoins opfr ocess, the asspintadt sd wac e

wirelessandhanrweely symboi fhTahvei ntgr aan srna tt &

parameters were summarised in table 2
Description Val ue

Coding rate 3/ 4

Puncturing pa [1110017]

Y Symbol dur a 312.5 ns

| FFT OFDMYper 242. 42 ns

Gl duration 70.08 ns
Qisampling fre 528 HMz

£ subcarrier 4, 125MHz

spacing

Oi dTot al numb 165
within a symb

"Oi dhe symbol 3,2 MHz

t he number 37
Zepaddi ng

Table (4.2): Transmitting parameters
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I n this impfémernat hgpostdderesedweoet est

of the pr-appserpdasmuiwitrel ess model . Il n ¢
model , it was necessary to define an
emul ates the specific environment i n v
The choice of the channel mo d e | I n thi
reliable simulation that was based on
model . Specific scenari os were cover e

the designriAdadiati omasl weee used to te

standardi sed channel mo d e | was used t
system. The model has been used to si
the wireless signal. bDel t was sept emen
satisfy the indoor medium characteri st
t hat I ndoor Ultra wide band channel i
manner s. The observation had shown th
measutemana for the UWB channel ampl i
components of the i mpulse response wer

were rotated within the absolute of 90
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Il n order to validate any w&mloy@amidt h ac

veri fied standard model-32Q@AM rfreadi|l bgeel

subjected t o t he | EEE803. 15. 3a mo d e |
Model ling channel behaviour I n the ti|
events. As it wasoubBetcmeegegevehéseneedte
in the simulation process, and theret

di scretisation stage wher e t he U wB 1

resol ution. One of the challengesa i n
particul ar novel design whi |l e clarif
contributions in simulation environme
standardi sed channel mo d e | was wused i
based on a prompeosaévelomprmertt. dtnagte, t

carried out wusing the first two propagd
of sighti medomosi ght for short ranges
consi der the transmitteedntsiagnndal tsh easc h
response as multipath c¢cloud with vario
ti mesolution. These events needed to b

domai n t o t he di screte ver si on for t

chaal uses very small sampling times
UWB <continuous <channel, i n order to c
Furthermore, Nysghiast fohe@ar smcsteastsd ul ¢
t he sampl i ng ftrwiqcuee ntchye hlaasr gteos th ef r e qu e

hence to capture of the spectrum con
sampling frequency should be chosen t

frequency. This in turn redamdes nchease
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the number of sampl es. Taking these n
| EEE model was needed to absorb the r
reflected in the reduction of the si mu
of themalyofradathsi ng on the behaviour o
channel coefficients without |l osing t
amplitudes of theSGIdtUWRAI énold @ddti ntgh e ns
di strabbeioerceiveom,thesullttitegi g effe
The <characteristic of t he received S

measurements and stochastic analysis

standard. Thi s standardi sed mo d e | us
(n@asnecond) for the discretisation pro
translating this continuous response
i mportant to keep the channel <characte
al |l t he mai n c htasn noerli gpianraal mevtaelruse st.o Tih e
ray arrival rat e, cluster attenuation
overall standard deviwitngnwofhtael mg
di stribution, standard devihaticolnusofer ¢
standard deviation of |l ognor mal shado
cluster, the mean excess delay, the nu
peak power (NP_10dB), t he Power Del ay
spread bbBoubdsabkbtent with the standard
The specified model produces i mpul se
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t h

t h

t h

alisations, each of which had a mul
e first step here was & oacarveessageadh
n to form an average <channel, t hat
i's was time varying channel, this a
an a single channel response repres:e
sporhse safantdard was discretised vers
e entire channel, and hence averagin
scretisation stage, a search for the

s firstly obthanedi filéer evats oadatetder s
sulted in various time delay pins, a
enti fied by combination of measur el
sures that al | ot her weingllbtws @esc urhr
ents pnverrieodioat and have specified tim
me (ts) was chosen which facilitat
l tipath amplitudes. The sampling tin
ansmndiusesitom the wunlimited bandwi dt h,
operty of the arrival ti mes. This gt
sults in high resolution signal s. Fr
e sampling timeuforbéhaesel madenes mal |
e significant path that represented
nding suitable sampling window woul o
[ as the software and ehlrartdwarvealluiem
re accurate the signalling process
nsi efnierhslt chanwelk hcaeimxc meamt ¥ i me d

e sampling time (ts) was chosen muct
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vale Fi gure Thef) idn s orhdler stehee | engt h o1

expanded i n tnhebadsiesdc roent et hdeo niaoil | owi ng ¢

hli = 1+ /fltosor) ( tm

hl1 samples at k times its frequency f(
ch = 100 ( there were 100 channel s),
np = NP (for each ch there were a numb
To discretise path(n) time_cont , the
Ch=n |, np(ch=n)= NP paths -s,ecpoantdhs()n) _t

Now, storing theseandiagagragt(e tt iNhe )i rmdi cC

t Nfs = 1 + floor (Path_time_discrete)
The above expression, coul d expanded
corresponds to al/l continuous time arr-r

t Nfs = (1 +paftlho(ol: esd) ti me_cont [/

s

tm

Figure (4.2): Time window for discr
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A vector of equally space di screte
corresponding to the | argest path del a
pins within the tempanalnuolbsud.i m&hadm,
significant path had a corresponding d
encapsul ating i ts durati on I n t he di
amplitudes with the same time vector

with weights corresponding to these ti

its amplitude allocated at the | ast i1
di stribution of the i mpulse response.
channel respeod se hmwawsgppeafsa tliteemr i ng or de
sample it to a workable band | imited
Al t hough, some frequency response par:
shape had a margi nal al teir@aan owas t ke

persevered. T(hFei ggurraep di4si b | @ wcompari sor
model s, where it could be seen that t h

had been preserved.
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Figure (4.3): Comparisoandei wesemoUdEEE®:

For simulation purpoéves |l aedowg aoadvee
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