Wireless Communications
Lecture 4

[Review of previous lecture]

e Small-scale fading

s(t) = Re {u(®)er2=1}

N(t) _
u(t) —* 2 @, (t)e+j¢n(t)6 (f) > Baseband eq.of r(r)
n=

Send a cosine, e.g. u(t) =1

r(t) = Re {Zan ) 6j¢n(t)€j27rfct}
- Zan cos(¢n(t)) cos(w, Zan sin(én (1)) sin(wct)

In-phase:zero-mean Gaussian Quadrature:zero-mean Gaussian

ch(t) = chr(t) +jchg(t) Complex Gaussian random variable

The autocorrelation and cross-correlation of ch; and chg are
Ach (1) = AchQ( 7)
= = Z a; (t)cos(2mA f,7)
= = Z a; (t)Jo(2m fpT)

Aro(r) = 7204 t)sin(2r A f,7)

e Power Spectrum

FLAI(r)} = S1(f) = f

2wa~/1—(]{))2’

Ifl < fp

What is [ S7(f)df?
To get uncorrelated, fpT = 0.4\.
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e Amplitude of channel, |ch(t)| is Rayleigh distributed. |ch(t)|? is exponential dis-
tributed.

e Jakes Spectrum
T T
A (1) = ngg(zw fpT) + §P

E[|ch|?] = 2P = Q,, E?||ch|] = 3 P. (See Jakes for proof)
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[Deriving PSD in another way]|

Let’s assume

e large number of arriving paths.
e can account for antenna gain and non-uniform distribution of received paths.

e the paths are planar paths.
Let p(a) be probability distribution of path power/angle.

/p(a)da =1

Total power = P/p(a)G(a)da
where P is total power for isotropic antenna G = 1. In frequency domain:
S(Hldf| = Pp(a)G(a)|da| + P(p(—a)G(-a)lda] 0 <a<m

where S(f) denotes power spectrum.

f = fe+ %fc cos o

~~
fp
df = —fpsinada
|df| = fpl|sinal|da]

Is it valid to do the change of variable and |df| small enough?

S(f) = P[p(a)G(a}Dti(;a)G(_a)} o = cos ! <f _ch> O<a<m
_ P(@)G(e) +p(a)G(=a)] (o ‘f_fc| -
o= (54) :

Therefore, to translate it to all f, 1/2 of S(f) will be in f >0 and 1/2 in f < 0.

[Example] For p(a) =1/27,G(a) =1
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[Log-normal Shadowing] |ch| is Rayleigh but |ch| is log-normal.

e We have u = 1OIOgW7

1 *(“*mu)Q
PU(U):\/%U e 2t . my=10loga —nl0logd (Path Loss)
u
E[|ch|2] = E[10%/1]
100 = eﬂu
aulnl0 = fu
6 = «alnl0
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e Distribution of ¥ = WQ,

P(y) = %PU(u:fW)), = 101log 1
v = 10%/10
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