KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DEPARTMENT OF ELECTRICAL ENGINEERING
EE 417:   Communications Engineering II
Major Exam II
	NAME
	

	ID
	


	Question 
	Score

	1
	

	2
	

	3
	

	TOTAL
	


Problem #1 (10pts)
An analog signal m(t) with amplitude between [-mmax,+mmax] is sampled, quantized, and encoded into a binary PCM. 
1. Assuming uniform quantization with R bits per sample, show that the quantization noise power is given by 
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, and the resulting signal-to-quantization noise ratio is 
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 where P is the signal power. 
2. Suppose we use DPCM instead of PCM, and the resulting error signal (to be quantized) has a dynamic range [-dmax,+dmax], where dmax = mmax/4. If we use the same R as in PCM, what is the impact on the SQNR (give an exact answer)?
3. For the DPCM case, if we want to fix the same SQNR as with PCM, what will be the change in R (#bits/sample)?
Problem #2 (10pts)

Consider a band-limited channel with bandwidth [-1MHz,+1MHz] used to transmit digital binary symbols at a rate R bps

1. Assume the transmitter uses a pulse g(t), the channel response is c(t), and the receiver uses a filter h(t). What is the condition for ISI-free transmission on this channel? (express this for the overall system response p(t) time-domain and P(f) in frequency-domain)
2. Give the maximum possible transmission rate over this channel (with zero-ISI). Indicate what type of p(t)&P(f) can achieve this maximum rate
3. Since the ideal pulse response is not implementable, we want to use a raised –cosine spectrum-shaping pulse with a roll-off factor (excess-bandwidth) of 50%. What will be the new maximum achievable bit rate (without ISI) in this case?
Problem #3 (10pts)
A digital baseband signal with +/-A amplitude is transmitted using a rectangular unit pulse g(t) of duration T over an AWGN channel with PSD No/2, and detected using a matched filter receiver. 
a) Sketch the impulse response of the matched filter, and the matched filter output (when the input is g(t)). 

b) Verify that the optimum sampling time (to maximize the matched filter signal output) is at t = T, for the first bit (nT, for the n-th bit)
c) If there is sampling time error (due to poor synchronization) with the receiver sampling time shifting to to= 0.9T, determine the SNR loss (in dB)
        
d) Consider a 2nd system using a half-sine shaping pulse f(t)=  sin( t/T) over [0,T]. What should be the value of to guarantee that both systems will have the same error performance?  Give one possible advantage for using this 2nd system (with the sinusoidal pulse).   
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