Wireless Communications
Lecture 6

[Note]

|ch| and |ch|? are both log-normal and |ch| is Rayleigh.

= |ch| = \/EP, P = |ch|?

[Wideband Channels]

The transmitted signal is
s(t) = Re {u(t)eﬂﬂfct}

The received signal is

N(t)
r(t) = Re Z an (B)u(t — 1y (t))ed2m et Afn()t=j2m fern (t)

n=1
Resolvable paths u(t — 7,(t)) 2 u(t)
[Time-invariant case]
Assume fixed TX, RX and environments = Af,, = 0.
ron(t) = Z apu(t — Tn)e_j%fcm
n

ch(t) = 3 and(t—ry)e 2™
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[Example] 2 paths N =2, | — 7| > T,
we(m —72) =27k, a1 > g
u(t)
1
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Plot In-phase part of the channel
o, COS T,

o, COsm,T,

n (1)

T,
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[Example] N =2, w.(m —12) =27k, a1 = o, |11 — | < T.

2a, cosw,T,

r (1)

[Example] N =2 a1 =ag, we(r1 — 1) =27k +m, |11 — | < T.

o, CoOSw.T
r[(t) 1 c”’1
T
-, COSW, T,

= Zero
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[Example] N =2, |A7|=T/2, w. AT =27k, a1 = as.

o, COSM,T,

/N

r ()
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[Delay Spread] Send a signal with length 7" and channel Tyax — Timin = Tr. The output
length is T+ T,,. It causes ISI.

wr [ ] i
w1 L
U

Interfere with each other

[Remedies for ISI]

e Fqualizer

N(t)
u(t) —» Ean(t)e”'p"(t)ﬁ(t —1,) > Wesee the output
n=1

Learn the channel and undo its effect
o Multicarrier (MC) modulation
e Spread Spectrum (SS)
T <T < B, =T ' < T,' = no delay spread
[Narrowband channel]

T, |= larger correlation in frequency.

T! is a measure of coherence Bandwidth.
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[Time-varying case]

N(1)
r(t) = Re Z an, (t e]¢" u(t — 7o (t))ed?fet

l®) = L an(te Oult = r(0)

= /OO ch(r,t) u(t—7)dr
~——

—00
time-varying

ch(t,t) = Z an () O5(r — 7, (), 7 :delay

mobility induced time

Check:
rp(t) = / > an()e Dt — 7)8(r — 7 (1)) dr

= Y () ® / ult — 7)8(r — Ta(t))dr
_ Za €]¢" u(t — 7,(1))

= Confirmed

[Example] Ex. 3.1 of Textbook, Goldsmith.
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[What is ch(r,t)?]

0(t —7) = ch(r,t)

Time-invariant case: ch(7,t) = ch(r,t+ At). This means response to impulse 0(t — 7) is the
same as response to the (¢t + At — 7).

ch(r,t) = ch(r,t + At) = ch(r,0) = ch(r), ch(r,0) : response to 6(—7) at ¢t = 0, which is ()

[Statistical Characterization]

Ac(m, 723ty T+ At)
Different paths are independent. =

E[ch* (11, t)ch(rs,t + At)]

E[ch*(71,t)ch(T1,t + At)]0(11 — 72)
Ac(m; At)o(m — 12),  (WSS)
Ac(T; At)

1>l

The scattering function for time-varying channels is defined as the Fourier transform of
Ac(T; At) with respect to the At:

Se(T,p) = F {Ac(7; At)} :/ Ao(T; At)e T2 PAL AL

[Power delay Profile] The power delay profile A.(T) is defined as the autocorrelation
Ac(T; At) with At = 0.

The average and rms delay spread are defined as follows:

fooo TA(T)dT
/"LTm = o
fo Ac(T)dr

or. = \/f()oo(T — 'uTm)2Ac(7')dT
" fooo AC(T)dT

and
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Power at each path

Y

[Example] Exponential profile

1 —
Ao(t) = = /T Normalized
Tm

or,, =1Tm

[Example]
—7/107%
AC(T)_{e 0<7<20 us

0 else

B 020 Te~T/10dr B —20e72 + fOZO 10e~7/10dr _ .87
Mon =0 —pogy — /101 —e2) 00

[Coherence Bandwidth]

C(f;t) = /ch(T;t)eﬂ”deT
Autocorrelation in the frequency domain

Ac(f1, f2; At)

= / /Ch* (7'1, t)Ch(TQ, t+ At)eiﬂﬂ-(fﬁﬁ+f272)d7'1d7'2

- / A(r, At)e= 92 2= T g r
= Ac(Af;Al)
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A, (v, Ar)

4. (A1, Ar) S.(, p)

Sc(Af, p)

Fourier of Power delay profile is
o) ]
Ac(Af;0) = Ac(Af) = / Ay (1)~ AIT g

Coherence BW is where Ac(Af) = 0.

Coherence BW is proportional to 1/delay spread

The doppler effect can be characterized as

Sc(Afip) = / Ac(Af; At)e 2B gAY

Set Af =0
Sc(p) = / Ac(At)e I2PALIAL

—00

Doppler spread o 1/coherence time.
Coherence time Cp : A.(7, At) at each 7.
Cr =0.4fp for Bessel function

Doppler spread o 1/Cr.




