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Lecture3

I ntroduction

e antennasare usually not within LOS of each
other

e signalspropagateover multiple pathsbetween
transmitterandrecever andcombineatrecever

e dueto motionof therecever, thetransmitteror
thescatterershe pathlengths(andthusdelays)
changewith time

¢ thewirelesschanneformsatime-varyinglinear
filter

e Wwith atime-varyingimpulseresponse
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if we only considerthe power of eachpath,we
getapowerdelayprofile

small changes(order of A) in location create
large change®f phasdor eachpath

theresultant(sumof all paths)haslarge ampli-
tudeandphasechangegmodulation)

thesignalitself is alsomodulatedo transmitin-
formation

differentpathlengthscausehesignalsto arrive
with differentdelaysandthe resultantsignalis
distorted(typically, ISI)

this distortsthe signalandso communications
madedifficult

the mostchallengingpart of designinga wire-
lesssystemis copingwith this multi-path fad-

ing

Factor s Affecting Fading

reflectors/scatterersgtifferencesn pathlengths
(1)

motion: (rateof changeof a, T with time)

Doppler Shift

e thephasechangeperunittime (frequengy shift)

dueto amoving recever is proportionalto fre-
queng, vehiclevelocity andangle

transmitter
or scatterer

\e
receiver ¥—v

o theDopplershift dueto motionis givenby:

fo = ‘—C’fccos(e)



wherev is therateof changeof thepathdistance Coherence Bandwidth
(relative velocity), c is the signal propagation

velocity, f. is thesignalfrequens. e impulse responseand transfer function are

Fouriertransformpairs

o therelationshipcanbe summarizedn anomo- o «hangwidth” of thechannels approximatelyin-

graph: verselyproportionako maximum(or rms)delay
spread
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ e if “bandwidth” is the rangeof frequenciedor
whichthecorrelationcoeficientis > 0.9, then
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e or, for 0.5correlation:
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Describing Time Dispersion B. ~ g
T
e theexcesgelayis a delaymeasuredelative to
delayprofile
maximurmrexcesgslelayis theexcesglelayof last
component Doppler Spread

e motion causestime-varying signal (and thus

athreshold(or othercriteriasuchasfraction of X
Dopplerspreading)

total receved power) is requiredto determine
which valuesareto be includedas part of the

power delayprofile o for example,the amplitudewith time or posi-

tion:

mean excessdelay (if we considerthe delay

1 HH H H H - Typical simuloted Rayleigh fading at the carrier
profile as a probability distribution, this is the Receiver speed = 120 km,/hr
first moment): 10¢

AL
DAL

I—

-25 N2

Signal Level (dB about rms)
1
w

rmsdelayspreadsecondcentralmoment):
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oy =1/12—(T)
e Doppler spreadBp is the spectralbroadening
where dueto this modulation
9 2 o typically have component®ver the rangefrom
2= Zkakzk fo — fp to fc + fp where f; is the carrier fre-
2k queny



e coherencdime is approximatehthereciprocal e for a frequeng-selectve channel(also known

of coherencdandwidth: asawidebandchannel)the delayspreadof the
channels notmuchshortethanthesymbolpe-
T 1 riod
fo . .
e the enegy from one symbolis receved dur
o for correlationin time of morethan0.5, the co- ing subsequensymbol periods causinginter
herencdimeis: symbolinterferencelSI)
9 o thefrequeng-selectve channethannels spec-
T~ ified by it's power delayprofile
16T[fD
e rule of thumb: channeis frequeng-selectve if
e Or (is useavaluebetweerthetwo above): rmsdelayspreado;:
0.423 Ts
Tec ~ 5 Ot > 10

Types of Fading

e achannekanbeary of thefour combinationof
slow/fastandflat- or frequeng-selectve

the effect of multipath phenomenalependson
the natureof the signal(it's symbolrateor it's
reciprocal the bandwidth)

e it'salsopossiblethe channelannotbe clearly
classifiedas either (e.g. fadingrate not much
greateror muchlessthansymbolperiod)

if thesignalbandwidthis muchlessthantheco- . o
herencebandwidth the channelis saidto bea Rayleigh Distribution
flat-fading channel,otherwiseit’s a frequency-

: o if therealandimaginarycomponent®f acom-
selectivechannel

plex r.v. are normally distributed as ~ (0,0),

« equivalently, for aflat-fadingchannethe delay theamplitudeof ther.v. is Rayleighdistributed:
spreads muchshorterthanthe symbolperiod e probabilitydensity:

e the channelcan also be characterizeds fast- ; r2 0<r <
fading or slow-fading dependingon whether p(r) { o &P (_W> (0<r<o)
the Doppler spreadis much greaterthan or 0 (r<0)
muchlessthanthe signalbandwidth o

e it canalsobeneitherfast-nor slow-fading

K=— dB
Flat- and Frequency-Selective Channels ol e

¢ the flat-fading channelis also called narrow- f \
bandchannebecausasignalbandwidthis much k
smallerthanthe coherencéandwidth:

Bs < Bc e cumulatve distibution:
2

e or, equivalently the symbol period is much P(R)=Pr(r<R)=1—-exp (i2>
greaterthanthe delayspread: 20

e envelope hasa mean1.250, variance0.4302
Ts> or andmedianl.180



Ricean Distribution

e if adda (comple) constantof magnitudeA to
the above r.v., the magnitudehasa Riceandis-
tribution

e probabilitydensity:

p(r) = #eXp(_rzzélz'@)'d%) (A>0,r >0)
0 (r<0)

p(r) |/
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e oftenuseratio of fixedto randomsignalpowers:
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