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Propagation Model

— Free

space propagation model is used to
predict received signal strength when the
transmitter and receiver have clear
unobstructed LOS path between thema.

Ex: satellite communication
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free space power
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line attenuation, filter losses & antenna

larger  the Communication system
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we received Fies
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decade.
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square of
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power decays with distance ata

rate

An isotropie radiator  an ideal antenna which
radiates

with unit gan cenepenly in all
duections, &  used to

reference antenna gains in

wireless systems
power

* The effective isotropie radiated
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EIRP PEGE

represents the maximum radiated
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& available from
a it in the direction
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radiated
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(ERP)
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Ground Reflection (Two
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— The two

-ray reflection model
based  grometer opties & Considers
both direct path + ground reflected

propagation
path b/w Tx & Rx

- This model is found to be accurate

for puducting laye
scale signal

strength for
mobile rades

systems

in caban environments
over distances

a
several kilometers
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recoeved
power falls off
distance raised to the fourth power

or at a
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lors for the two
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rate
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255 dB to

A mobile is located 5km away from
vertical 1/4 monopole antenna with a receiver
cellular radio rignals. The E field at 1 km
from

galn
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IS measured to be co 3 v/m The carrier
the TXx

for
the system  900M
HY

used
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— by wring path loss models to catinate



the received ingral

level as
penction
destance it becomes

possible to predict

the SNR for mobile
communication system

Log alistance Path
Loss Model

=) Both theoretical & measurement based

inderate that
with distance
—) The
measurement based

propagation model
received signal power
decreases logazichriely
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los component which indicates the rate at
which the
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with distance, do

do closein
distance
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Ueban Qua
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shadowed webar

obsturched by

building
3-5
16-1.8
4-6
- in large
coverage
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smaller
cellular
sSys
tems,

1 km rejerice
distances

100 m aim) are used.
used whereas in microcellular systems, much
distances (such as

Log normal



shadowing

distanc
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path
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be
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Log
fact that the

surrounding
environmental
clutter

vastly different attwo

diffrent locations having
T-R
seperation
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(d) [dB]

Xo - Zew mear Gaursion distributed
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with standard deviation J.

=) The log- normal distibution
describes the random shadowing

large
number

measurement

effect which occur
of mean

locations which have the same T-R



seperation, but have

different
level
clutter on
The propagation
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phenomenon is referred
to as
normal
shadowing
log n
C
that measured
rignal
Lo



namel shadowing
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leuds at a
specific T R seperation
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Caurrian
=> The close ius
reperenc
e
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dependent
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e do,
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path
BOJ10
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las model T-R



seperation.
for an

f the standard deviation & statiscally
describe the path
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arbitrary

location having
=) In
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the values
nd | are
g
completed

from

measured data

usin



linear regression such

that the diff.
losses is
minimized
b/w the measured & estimated
of

path

squerre

eeeee
over a

vide
range
of

measwement

be used to
locations & T-R
seperations.
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lead will particular
level.
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peob that
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density
function
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leal well
excee

d
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Ally
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giver
by

Px [Pald)]=



Q (Pald) -20)



LH RELESS
CRANDONEES

of



the
amplitudes,
phases

jui
Fading @ raped
fluctuations
multipath delays of a
radio signal & Caused by

interference the two
blu

short period
of time

de more versions.

the transmitted signal which at the
receive at slightly different times.



Small Scale Multipath
Propagation

—

Multipath in radio channd creates

small scale fading
Effects
The

eftec
t

Rapid
changes

* Random

ava
A



Doppler

shifts
IN
signal strength
nodulation due to
varying
by meelipath
propagation
* Time Dispersion
(ccher) caused
delays.
— Que to relative motion between mobile & BS
each
multipath
experiences

apparent shit is
frequency



the mobile

This is called Doppler shift & is
directly proportional
to the

velocity of
of

w.rt direction

Factors
exfluences

=> Factors

direction
of

Multipath



Propagation
motion

az
arrival of multipath

Small Scale
Fading

* The presence of reflecting objects
& scatterers

Is the channel creates a cons

m

Constantly
changing
environment

Feed
igral



the disipates the signal energy Iin
amplitude phase +

time Thus, the multiple
versions

respect

displaced

with

spatial

Overtation
Speed
of

the mobile

to
one another is
time 7



&
The relative motion b1w is + mobile results is

random

on each

be tue

Movi

ng
freq

g

towar
d

modulation due to different



doppler shifts
the multipath component. Doppler
shift will

dependi
ng
on Whether the mobile

away
from

Sped of
surrounding
objects

the BS



If objects in the radio
channel are in nation they endure
time varying doppler shift

of
the

the
surrounding

objects
the mobile, then this

of

ata

effects domerates small side



surrounding objects
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Itepeeth
components.
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than

jade
Y.

ects can be
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Transmission Bandwidth
of the signal

g

ugnal bandwidth >
bandwidth

Otherwire, mention

rf
Gixed
rignal

of liked
amplitude

ay

multipath
channel



signal will be distorted in time but will not
fade much

local area.

il
signal bandwidth &

bandwidth
of multipath chann the rignal

will change rapidly but

signal will not be distand in time

Paramet
ers
of
Mobile Multipath
channels
>

=> Many meiltepath
channel parameters
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pawce delay
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relative

to a

powe

requeren
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the
from as
plots of
frenctio

Nnof

delay with



respeck
fixed time delay

reference.
=> Time Dispersion
Parameters

* The time dispersive properties of wideband
multipath

are most commonly
quantified by

channels

mean excers

del
ay

* The

eeeeee
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(e) at
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delay
delay
spread
(se).
IS the
first
moment
of
power
Z AX 7x

Ep (ex)
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E Ax
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the central
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The hors

moment

When

delay spread is the
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peopile

of
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{P (ek)
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of
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delay
spread
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the order

us IS outdoor mobile radio channels & on the order

MO

ar indoor radio channels.

B

a
o
* The cons
delay spread s
mear
delay the tempeal
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ed
from
Average of

-4



average

single
PDP which is
or spatial
consecutive impulse response
measurement collected
local
* The maximum excers
del
dy
(x dB)
the PDP is the

time delay during which multipath



energy falls 10O XdB below the maximum.
In other words it is defined

Ex

Ex-to where to first
arriving signal & #

delay at

which a

is within
signal
(does

NonTaBi30

B Co
Rxed power

-60



Cy
multipath
component

the strangest

arriving multipath

(does not
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necessarily arive at
to)

KRMS

delay
Ries delay
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Max. Excers delay
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fe Mear Excels delay
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/7 & Je depend

Cy

on the



choice
nome threshold used to pexers P(c)
The hearhold Is used to
differentiate multipath components &
Thermal
if

noire threshold is too low, the noire will
be

as multipath, giving
to values

nove

processe
d

Je that

artegically
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spread
Calculate &ms

Sol
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Ta

T
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(eu)

1+1

25-(1.5)2 = 0.5 us



25 us

— Coherence
Bandwidth

* Coherence Bandwidth is derived

is the statistical
spread. It

1s
of
frequencies



flat (do)

a

fro
m
the
dela
y
the
g
lange

statistical measure

over which the channel can be
considered

channel which paises all
spectral Components
with approx equal gain &
linear phase).



+ Two

Bc

sinusoids with freq. seperation
greater than Be are

affected quite
differently

If coherence

bandwidth ~ defined
as the bandwidth

over which the jeeg. Corelation perction
IS above 0.9,

Be =50 TE
Bc

JE

of the firg- correlation chosen to be



above 0.5,

Bc
Bc ~

S€

Calculate the mean

exXCeSS

the maximum excers

dela

delay
spread +

Ther



giver

delay (10 dB) for the
multipath people
below Estimate the joy.
coherence
bandwidth

the channel klould this channel be suitable for

Aveps

AMPS

or CSM
revize without the use

of

ar

equaling
er

oCcB34

-codo

-2010

-30do
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delay 1s
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(1)'(s)+ (0.1)(2) + (0-1)



(1) + 0.01(0)

-0.01 + 01+0-1+!

=) The second

moment
J;\

== (0.01) (0)2 + (0-1)
(2)2+ (1) (5)2

lons delay
spread

0-01 +0-1+0.1+1

Coherence Bandered
th

o da
+0,01

0.10.1
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(1)2 + (0-1).



Bc
5 Oe

Je

&
IX
21.07 us>
1.37 us
146 KH2
5(1.37.us)
wolle wethout.

are
equalizer

:: Bc > 30k Hy, AMPS will

ASH requires 200KHy bandwidth
which

However

Exceeds Bc, thus



channel.

equalizer would be needed
for this

> Doppler Spread +

Coherence? Tiéme

Delay spread & coherence
bandwidth do not offer

information about
the time

native

of



the
varyl
ng
channel caused by either
relation motion between

the mobile & base station, O

by
movement object in the channel.
Doppler spread & coherence

time
Are

nature

of
parameters which describe
the time varying

the channel @ a small-scale
small-scale region.



* Doppler spread BD a

of spectral
broadening
caused by the time rate of change of
the mobile
radio channel & is
define
d

the range of
frequencies Nee which the received Doppler
spectrum is essentially

when a



pLie
serusoidal tone

3a of frequency fe  Toud, the received signal
specteun, called the Doppler specterem Wil
have components in the range feafed to fitfd,

where
fd
* The
which is
the Doppler
shift

The amount

ofsipectial broadening
depends function of



relative velocity of
the angle O b/w the duection

]
& duection
arreial
g
of
notion
on fd
The mobile
and
of
scattered waves.
the mobile

the bareband signal bandwidth is much
greater than



Bo, the effets of

Doppler spread
neglegible at The
Rx
This isa
slow
jadi
ng
channel
Dopp
ler

+ Coherence time Pe the time domain dual
spread of used to characterge the
time varying

of frequeing



dispersiviners of

nature
the channel is time

domain. The doppler spread &
cohuence time
inversely

proportional to
be

122

fm

one

another

* Coherence time is a statistical measure



the time duration

over which the channel impulse
response is Invavant of

quantifies the scorelarity

of

at different
times.

of the reciprocal
bandwidth
essentia

lly

the channel



response

the baseband ugnal is
t

greater than the coherence time of the
channel, then the channel

will change during the

tansmiss1o
Causing distortion at the
receiver

barebar

d

message,
hus

/

the coherence time
IS defined



as the time ova
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the time correlation

function
Jc Tc
16
for
is above 0.5, then,
Wheee

for

'dopple shift & mm =
old.
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theems sule i
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161TT
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foo
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than Tc

ale
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make

that
| time seperation
greater
affected differently by
the channel.



the proper spacial sampling central required
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