ECE 544 Fall 2013
Problem Set 8
Due November 8, 2013

1. Read Chapter 7 of M. B. Pursley, Introduction to Digital Communications (MBP).
9. MBP Problems 6.27, 6.32, 7.2, 7.3, 7.4, 7.6
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6.27 Consider seven signals constructed from the following sequences:

1110010

1001011
0010111
0101110
1011100
0111001

These sequences are generated by the shift register of Figure 6-40. The CORtIUOUS-me - =r-smmson s e

signals are obtained from the sequences according to (6.65) of Section 6.6.1. Refer to
these seven signals as sq, sy, .. ., S, where sy is the signal corresponding to the first.
sequence in the list, s, to the second sequence, etc. Each signal has duration T, and
each consists of a sequence of chips of duration 7,. The signals form a 7-ary signal set

for communication over an AWGN channel with spectral density Ng/2. The receiver

consists of a filter with impulse response /1(#), a sampler which samples the filter output
at seven different times, and a decision device that bases decisions on the largest sample. -

Construct the impulse response for a continuous-time filter that is matched to the

sequence 1110010111001 . First obtain the continuous-time signal s (7) from the given

sequence as described in Section 6.6.1, and then let the impulse response of the filter

beh(t) =s(Ty—1), —00 < 1 < +00, where Ty is an arbitrary time reference. Each of -~ T ——

the chips for this filter has duration 7., so h(r) has duration 137, = 137 /7. The value

of Ty is not critical: Ty = 0 or Ty = 137, are acceptable choices. (Ty = 137, provides . . ..o

a causal filter.)

(a) Find the output of the filter for each of the seven signals s, 51, . . ., $.
(b) Find the optimum sampling time for each of the seven signals.

{¢) How might you use the features demonstrated in part (b) to make symbol deci-

sions?

(d) Consider binary signaling using s, and s, only. The receiver samples the ﬁlter' .‘
output at the optimum times for signals sy and s, (from part (b)). Find P, ; for o

i = 0, 1, and compare with the error probabilities for the optimum receiver.

(¢) Consider binary signaling using sy and s, only. Find P, and P, and compare

your answers with the error probabilities for the optimum receiver.
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6.32 Consider the two signal sets illustrated in Figure 6-54. Assume that a maximum-" " -
likelihood receiver is used for each signal set, and the channel is an additive white

pairs of signals is d for each set. The signals in Set 1 are equal-energy, orthogonal,

signals. Let £, denote the energy for each signal in Set 1, and let & denote the energy
for each signal in Set 2.

Fuacr: Since the distance between signals is the same for the two sets, the symbol ertof
probability for maximum-likelihood reception is also the same for the two sets.

(a) Give an expression for d in terms of &,.

(b) For Set 1, use (6.72) in Section 6.6.3 and your result in part (a) to obtain an
expression for the probability of symbol error in terms of d.

(¢) Use simple trigonometry to find an expression for & in terms of d. Hint: d is
the length of each side of the equilateral triangle whose vertices are the points in
the constellation for Set 2. From this hint, it is easy to determine various angles
that may be useful in the evaluation of &.

(@) Use the fact in the problem statement and your results from pats (b) and (c) to
obtain an expression for the probability of symbol error in terms of &, for Set 2.
For a given symbol error probability, which set requires less energy?

(¢) Give a numerical value for the correlation coefficient r for pairs of signals in
Set 2. What type of signal set is Set 27
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Figure 6-54: Signal sets for Problem 6.32.

Gaussian noise channel with two-sided spectral density Np/2. The distance DEtWEEI - —mwcsmmmim s vy s

I three-dimensional signals. The signals in Set 2 are equal-energy, two-dimensional
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