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o Attempt all questions.
e All questions are of equal value.

e Open book, open notes, exam.



1) The scattering function for a WSSUS channel is given by
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a) 2 marks: What is the speed of the mobile station?
b) 2 marks: What is the channel correlation function v, (At; 7)?

c) 2 marks: If the faded envelope is sampled, g, = g(kT;), what sample spacings T
will yield uncorrelated samples, g7

d) 4 marks: What is the envelope level crossing rate, Lg? Your result will depend
on T.



2) Suppose that we construct a discrete-time Rayleigh fading simulator that gener-
ates the complex faded envelope {gy}, where

9k = 91k + J9Q.k
according to a Markov process with state equation

grk+1 = Corp+ (1 —Quwig
9ok+1 = Cgor+ (1 —Quwap

where 0 < ¢ < 1, and the w; ;, are independent identically distributed zero-mean
Gaussian random variables, i.e., E[w; jw; x] = 0205, i = 1,2, where

gk 1, j=k

a) 7 marks: Derive the discrete autocorrelation function
Pgrgr (n) = E[gr191k+n)
b) 3 marks: Derive the discrete cross-correlation function

¢919Q(n> = E[gl,ng,kJrn]



3) Suppose that an uncorrelated binary data sequence is transmitted by using binary
PSK (BPSK) with a root-Gaussian amplitude shaping pulse

1/2

Ho(f) = (re™™™")

a) 4 marks: What is the transmitted power density spectrum?

b) 2 marks: Find the value of 7 so that the power density spectrum is 40 dB below
its peak value at the Nyquist frequency 1/27", where T is the baud period.

c) 2 marks: What is the corresponding time domain pulse h,(t)?

d) 2 marks: What is the matched filter to h,(t)?



4) Consider a bandpass binary modulated signal having the complex envelope

Aan (t —nT)

where z,, € {—1, +1} and h,(t) is the amplitude shaping pulse. The data
sequence {x,} is correlated such that

1 * n
Pra(n) = QE[xkxk—f—n] = p' .

a) 10 marks: Derive the power density spectrum of the complex envelope, Sz (f).



5) Consider Alamouti’s transmit diversity scheme. The receiver diversity combiner
for 2 x 2 transmit diversity is given by

Vi) = 91aF@ t 921801 + 912T1)2 + 92,2T(2) 2

Ve = g§,1r(1),1 - 91,1f‘?2),1 + g;,zf'(l),Q - 91,2f‘?2)72 .

a) 10 marks: Construct the combiner for the case of 2 x L diversity.



