Wireless Communications Technologies
Course No: 16:332:546

Solution to Homework 3

1. Attenuation due to large-scale shadow fading is modelled as a lognormal random variable.
Specifically, the lognormal random variable €2, when measured on a dB scale results in a
Gaussian random variable. The transformation is ,qp) = 10log;(£2,), where Q,4p) is a
Gaussian random variable with pdf given as

1 () — 10)?
Oyia) = _
p( ’v(dB) \/%O'Q eXp( 20_(22 )

where pio = E[Quap)] and 0§ = Var(Qyas)]
The pdf of the lognormal random variable €2, is derived as follows:

Let Q,gp) be the Gaussian random variable with pdf given as

1 (Quan) — p10)?
Q, = —
p( (dB) \/ﬂag exp( 20522 )

where g = E[Qy,qp)] and o4 = Var[Qyan))
If Quap) = 10log,((€2,), then the pdf of Q,, p(£2,) is given by solving

p(£2,)dQYy = p(Qy(as) ) dQyan)

dQy(ap)

() = p(Quyan)) a0,

which yields

_ 10/In(10) ox _(10108;10(Qv) — pig)’
() = V21,00 p( 203 )

2. The mean excess delay and the RMS delay spread for the multipath profile given in Figure
1 are:

Mean excess delay: 7 = 4.38 us
Second moment: 72 = 21.07us>

The RMS delay spread is o, = /72 — 72 = 1.37us
The coherence bandwidth is B. ~ 1/0, = 730 kH 2.
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Figure 1: Multipath Profile P(t) vs. t

3. Consider M-ary phase shift keying signaling. The psd for such a signal is given as

sin(mfT).,

SUU = Es —
(=B

where 7" is the symbol period and E; is the energy per symbol.

To derive a general expression (as a function of M) for the bandwidth efficiency ng = %
we see that the null-to-null bandwidth B is 2/T where T' = logy(M)/R,. Therefore
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