Wireless Communications
Lecture 3

[Time-varying Channel Impulse Response]

The transmitted signal is
s(t) = Re{u(t)e’®™ et} = Re{u(t)} cos(2m fot) — Im{u(t)} sin(27 f.t)

The received signal is the sum of all multipath components:

N (1)
r(t) =Req Y an(t)ul(t — 7 (t)) el et A Ol =2mfemn(t)
n=1
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[Doppler Shift] f. — fo+ %f.cosf

Proof: Due to the movement, The wave will get there Ad/c sec earlier

vt cos 0

t+Ad =

C

cos(27rfc <t+vtccos9)> = cos<27r<fc+%fccosﬁ>t>
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[Resolvable & Nonresolvable path]

Assume Tmax — Tmin < By, L Narrowband channel
The received signal is

N(@)
r(t) = Re Zan(t)ej%(t)u(t)eﬂ”fct
n=1

On(t) = 2wAfn(t)t — 2w fern(t)

The baseband equivalent channel is

N(t) ]
u@)y —* 2an(t)e+j¢"(’)6(t) — Baseband eq.of 7(f)
=

N(t)
chpB,, = Z an(t)en 0 o, (t) and ¢, (t) are independent
n=1

The in-phase and quadrature components are given by

N(t)

chy = 3 an(t) cos(én(t))

n=1
N(t)

chq = an(t)sin(6a(t)
n=1

By Central Limit Theorem(CLT) ch; and chg are Gaussian random processes. In the
adsence of a LOS path, ¢,(t) can be approximated by uniform. Thus

E[ch;] = Z an(t) cos(on(t)) =0 = E[chg]
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By the independence of «,, and ¢,,, the independence of ¢,, and ¢,, (n # m) and the uniform
distribution of ¢,

E[ChIChQ] = Zan COS (bn Zam sin (bm ))
_ ZZE () i (1) | E[cos (b, (2)) sin(¢um ()]

= Zaz cos(¢n (1)) sin(¢py, (1))
= 0

The autocorrelation of chy is

A, (t,7) = E[chi(t)chi(t + 7))
= Z an(t)om(t +17)  cos(dn(t)) cos(dn(t + 7))

assume «, is not a function of ¢ and cos 6,,. Therefore A f, is not a function of ¢

= Z a2 (t cos (2rAfpT), chyis WSS
The autocorrelation of chg is
Ay (t,7) = E[chg(t)chg(t + 7)] Za2 cos(2nAf,1) = Ay, (t,7)

The cross-correlation is given by

Ar[,’/’Q (tv T) = E[Chf( )ChQ t + T Z a2 SlIl 27TAfn ) = _Aer” (t’ T)
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[Jakes model] Assume uniform angle of arrival, i.e., #,, is uniform

COS (2%%]’07 cos 0n> = Jy (277%fJ) , %fc = /b

A, (7) becomes

where

Arriro () =0.

2
Ay (1) = 280 gy (2 7 = A7), Q=Y

IR
Jo(x) = = /0 e 750 qp

Bessel function

dy Bafy )

Uncorrelated when

[Jakes Spectrum)]

fD‘E,
Fpr— 04 = Efcdistance 04— distince _ o4
c )

QP
S (f) = Suq () = F{ Ay ()} = { T 71< o

else

The power spectral densities (PSDs) of 77(t) and 7¢(t)



Wireless Communications 5

In-phase and quadrature PSD:Sr(f)=Sr (f)
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[Example] Send a cos(27f.t) through the channel. Then the received signal is

r(t) = Re {chbb(t)ej%f“t} = ch(t) cos(2m fet) — chg(t) sin(27 f.t)

The autocorrelation of r(t) becomes
1 1
A (1) = §A” (1) cos(2m for) + iArQ (1) cos(2m fo1) = Ay, (7) cos(2m fo1)

0.5 of PSD of A,, is shifted to —f, and f..
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[Envelop and Power distribution)]

lch(t)| = \/chi(t) + ch%(t) is Rayleigh distributed with E[|ch(t)|*] = Q:

Px(x) = %e*ﬁ/z‘#, for x > 0
E[z?] = 202

The distribution of power of the channel, |ch(t)|?, is exponential:
1
Px(z) =A™, Elz] = = A=1/Q,

[Example] (3.2 of Andrea Goldsmith’s book) rp,(t) = w(t)hys(t).

prob{|res()]* < Z} = prob{|hu(t)]’P; < Z}

Z /Py
= / e Mdx
0

1— e*)\Z/Pt

1 P P

\ = _
lhep ()2 [rep(t)> O-1

Then,

1 — ¢—0:01/0.1

prob{|ru(t)|* < Z}
— 0.095
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[Level Crossing Rate]

The level crossing rate is

4’—1>/—\ > S
Z+d§ \} slope=z‘/ \ /

0
LZ:/ Zp(Z, 2)d

—0o0
For a Rayleigh signal
5 _
Lz =2rnfppe™, p=2/\P:

[Average Fade Duration]

Since
1
T Zti = prob{|signal| < Z}
i=1
Then,
_ 1— e*ZQ/Qp

t, =
2 nfpZ] /e 7%




