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Path Loss (Free space propagation,...)

Shadowing

 Rayleigh/Ricean Fading

» Delay Spread & Coherent Frequency
» Doppler Shift & Coherent Time
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* Received Power: Pr=Pth(4

. Rx

-ree Space

antenna gain:

« Received Power:
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N, : R, antenna efficiency

—P T,as A T for afixed G,
— P. does not change with A for a fixed A

ton

=t A A AE

J

0

il

kU
N

ML

 4xA,

o

U=sE

_|

B

) ——
/, '--\

\ lsotropic /

\Jradiator /

N —

~
\‘-hu—b-—_"‘/

Propagation

jnr




Bo 20log 9

ri 2

Power ratio(dB) =101log

Ex) d,=2d, Power ratio=—-6dB (—6dB/oct)
d, =10d, Power ratio =—20dB (—20dB/dec)
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g——30 — 100 m—,..l

—— 2 km or further ,.{
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Ravleigh / Ricean Fading

« Rayleigh Fadingl| &AM
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 Rayleigh Fading

— Multipath fading
Short—term fading r.(t)dB=r(t)dB-m(t)dB
Fast fading

— Received signal

e(t) = i A _cos(w.t+6 (1)) = Re{i A elmghy

N
= > A, cosd, (t)cosmt —A,sing, (t)sinwt
m=1

N N
= > A, cosd, (t)cosw t—> A,sing, (t)sinmt
m=1 m=1

=1i(t)cosw t —q(t)sinwt

i(t) & q(t) are Gaussian r.v. ( Central limit theorem)
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« Rayleigh Distribution

e(t) =i1(t)cosw.t —q(t)sinw,t
= r(t) cos(w._t + 6(t))

r(t) = i%(t) + g*(t) = Envelope of e(t)

_ tan-t 90

A(t) = tan 0

Let 1,9 represent  1(t),q(t)
i,0: Gaussianry. with o°

Pr(r) = Lzexp(— 2r

0 . &0
@ : Uniform distribution [0,27)
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Complex number representation
T(t)=i(t)+ jq(t) =r(t)e™

OiA

rayleigh PDF with lambda= 20

probability dersity =

DD 1 L L 1 L L 1 L
ooo 020 040 060 0BO 100 120 140 160 180

*)Rayleigh distribution
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Elr]= j'ooo r Pr(r)dr = 1/%o- =1.2533c

Elr?]=Eli*+9?|=202 =12

o, = 02\/(2 — %) = 0.660

2
Pr(r) = 2=2r exp(— r=2j

r r

Short term Rx signal power of e(t) :

Mean Rx signhal power
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 Ricean Fading

— Line of sight, or Dominant signal component
exists.

e(t)=r(t)cos(mt+0(t))+r,, (t)cos(wt+8, (¢))+n(t)

— Envelope PDF:

r r’+r ° rr
P(r)=—exp| — los o] los

where |,(t) is the modified Bessel function.

— Ricean parameter

K =10log s / =10log LOS

[ } Diffuse

/\ A|/\ 0
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rj

= CcC
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Delay Spread &
Coherence Bandwidth

» Delay spread (power delay profile)
« Coherent Bandwidth(Bc)
c ARt H2=DF 0.5 OlotJoF & D] |6t 2 L&t
=== 2H3

« Correlation atf, and f,
R(Af )=<S(f,)S(f,)>, Aff—f,|
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 Correlation coefficient

Cov(S(f,).S(f,))

Os(1)9s(t,)

_ Cor(S(f,).S(f,))— E[S(f)]E[S(f.)]

p(Af) =

( S(fl))2
_ R(AD)=(s(1))’
E[Sz(fl) _EZ[S(fl)}
_ R(af)—(s(f >22

]
R(O) - <S( f1)>
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Coherent bandwidth for amplitude

i - for AM

CZZEA
Open Area : A <0.2us — B¢ =800KHz

Suburban : A~=0.5us — Bc=300KHz

A rms delay spread
Coherent bandwidth for phase

B. 1 , for FM/PM
47\

Wideband vs. Narrowband

CDMA vs. TDMA
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Doppler Spread &
Coherent Time

 Describe the time varying nature of the channel
(Vehicle movement....)

« Doppler Spread (fy)
A measure of spectral broadening
— When the Tx signal freq = f,
the Rx signal freq = (f.— f,) ~ (f. + f})
- f4 : function of f., q, velocity, (  V/A).
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e Coherence time(Tc)
. time duration over which two rx signal

have a strong amplitude correlation
fm s the maximum /d

T.=1/f_, 9/16f _, 0.423/f_

* |nterleaving
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Channel Model

a()
A a1
« Channel Impulse ‘_ N
- 2
Function [
- X D r(t)
» Channel %ao
Representation e
Ta
T >
@,
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* |TU-R Vehicular Channel Specification

ITU-

R Channel

Tap | Channel A Channel B Doppler
Relative Avg. Power (dB) | Relative Avg. Power (dB) | Spectrum
Delay(nsec) Delay(nsec)
1 10 00 (485%) |0 -2.5 (32.3%) | CLASSIC
2310 -1.0 (385%) 1300 0 (57.4%) | CLASSIC
3 710 9.0 (6%) 8900 128 (3%) CLASSIC
4 11090 -10.0 (4.9%) | 12900 -100  (6%) CLASSIC
5 11730 -15.0 (1.5%) |17100 -25.2 (0.2%) | CLASSIC
6 12510 -20.0 (0.5%) | 20000 -16.0 (1.4%) | CLASSIC
K.B.Lee AU ANAE R DEERE USES

19



Propagati

on p

-

Okumura 2 &
e Hata 2<&

e Lee 2E!

node

 Longley — Rice 2

K.B.Lee

Jon
pa
-
JQ
>
| >
I

b

I
In
Rl
o

Cost — 231 Hata 2 &
Ray — Tracing 2

rediction

B

20



Okumura

K

K

At

oJ
KO
H
Ul

_l

HiLt =0l01

F

oJ

o
OF

[H
LHO

O

o JIXI=,

21

« UHF (453, 922, 1310, 1430, 1920 MHz)

« VHF (200 MHz )

32 H|
— Carrier frequency
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- = &t&: Urban, Suburban,
Open area(rural area)
- XS
e Quasi smooth terrain
e |rregular terrain

( Rolling—hill terrain, General sloped terrain,

Mixed land-sea,...)

— Antenna height gain factor
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e« ZZ L Tkm  ~ 100km

e JIAI= 75 CHHILE =0 30m ~ 1000m (200m)

e 0|S= CHHIL} =0 im ~ 10m (3m)
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— AJHAl L, (dB)=69.55+26.16l0g,, f.—-13.82log,, h,
—a(h_)(44.9-6.55log,, h, )log,, R

*
-

H1 B~ O

= =2 2ttt =0[ 0I5l A
-

O

Al a(h,)=([t.1*log,, f,—0.7)<h,—(1.56l0g,, f.—0.8)
CH )=

Al a(h,)=8.294log,,1.54h_J-1.10(dB), f, < 200MHz
=3.24log,,11.75h_)*~4.97(dB), f_ < 400MHz

— FEANIFRI Ly(dB-Lo (A1) 2fog, (1, /26)f 5.4

= N L, (dB)=L, (A D XI)-4.78(log,, f, *+18.33l0g,, f,—40.94
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Performance in Rayleigh
-ading

e Tx : s(t)=cos(w.t)
e Rx : r(t)=alt)cos(at+0o(t))

K.B.Lee

- i A, cos(at + 6, (1))

— Re|:i Anejem (t)eja)ct:|

m=1

= i(t)cosw t — q(t)sinw_t
— Ji%(t) + g*(t) cos(aw,t + O(t))
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 Multiplicative channel
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o Static
BPSK : Prob. of error Pe=Q£

 Fading

2

E=PT=2T7
2
2
P(Error|e)= Q( aall j
NO

Pr(Error)= j: f,()P(Errorla)-da
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y=rsingd, X=rcosé
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r2 -1 &
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« FSK ( Coherent detection )

Pr(Error) = (El/N )

« DPSK ( Differential decoding )

Pr(Error) = (El/N )
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Figure8.32 Compariscn of the noise performances of
different PSK and FSK schemes.
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BER

* BER of BPSK (linear)

BER : P.=Q
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+ Pdf of SNR

_a*
fa (a) _ %e 252

2
(94
SREYToN T
y=Z=g(a)
f (y)dy=f, (a)da
d b
f(y)="f,(a)""= i
d}/ (d]//da)
o =27N,
I _g_\/ZyN —\/27
da da 2N N N AN
2T gama |
f7(7)=\/c7TeZyN/2 Z
:ﬁz —yN/o? —ie_;
! ¥
( SNR = [a ]:26 :7/}
2N -
g‘FQEHg'Alﬁ

f}/ (7) |
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Jensen’s Inequality

- If fisaconvex fn. & X 1s ar.v. then

- If fisaconcave fn. & Xis ar.v. then

f0]
E{T (X)}= T (E{x}) \ / convex

X

E{f(X)}< f(E{X}) e concave
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Jensen’s Inequality

f®)

)5(1 Xc Xo ;(

_ 1
RV @ X(el) x=x  prob= >
1

X =X, prob= >

XC:(X1 +Xx,)/2

E{T(X)}

=p, F(x )+ p, T(x))

=

f(x )+—f(x )

|\>||—\

E{T(X)} =

T (E{x})

=f(plx1+-p2x2)

T (E{x})



