
Advanced Digital Communications (EQ2410)

Lecture 8, Period 3, 2016

Task 1 Go through the proof of Theorem 8.3.1.

Task 2 Look at the slides 4 and 5: what happens to the orthogonality of pm(t), pn(t) if we
have an additional phase shift φn, for example if pn(t) = exp(j(2πfnt+ φn))?

Task 3 The linear convolution of the length-N sequence b[k] and the length-L sequence h[k]
is given as

y[k] =

L−1∑
m=0

h[m]b[k −m],

and the cyclic convolution of the length-N sequences b[k] and h′[k] (obtained by appending
N − L zeros to h[k]) is given as

z[k] =
N−1∑
m=0

h[m]b[(k −m) mod N ] =
L−1∑
m=0

h[m]b[(k −m) mod N ].

Discuss based on the illustration on the next page how the cyclic prefix helps to transform
the linear convolution on the channel into a cyclic convolution.
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b[0] b[1] b[2] b[3] b[N−1]. . .0 0 0 0 0

h[2] h[1] h[0]

b[0] b[1] b[2] b[3] b[N−1]. . .

h[2] h[1] h[0]

b[0] b[1] b[2] b[3] b[N−1]. . .0000 0 0 0 0

h[2] h[1] h[0]

b[N−1]b[N−2]b[N−3] b[0] b[1] b[2] b[3]b[N−4]

b[N−1]b[N−2]0

symbols of interest
Linear convolution (L = 3)

Cyclic convolution

Linear convolution with cyclic prefix

Task 4 Consider two parallel AWGN channels

y1 = h1x1 + n1 and y2 = h2x2 + n2,

with the channel gains h1 = 2 and h2 = 1, the noise variances N1 = N2 = 1, and the symbol
powers P1 = E[|x1|2] and P2 = E[|x2|2]. Give the optimal power allocation (water filling) for
the following two cases:

(1) Power constraint: P1 + P2 = 1,

(2) Power constraint: P1 + P2 = 1/2,
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