
UCLA — Electrical and Computer Engineering Dept.
ECE132A: Introduction to Communication Systems

Final Exam
Monday, March 19, 2018

This exam has 5 questions, for a total of 100 points.

Closed book. No calculator. One two-sided cheat sheet allowed. Answer the
questions in the spaces provided on the question sheets. If you run out of

room for an answer, continue on the back of the page.
Please, write your name and ID on the top of each loose sheet!

Name and ID:

Name of person on your left:

Name of person on your right:

Question Points Score

1 25

2 25

3 30

4 5

5 15

Total: 100
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1. Signal Constellation. Consider a QPSK modulation with signals
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)
, 0 ≤ t < T, k = 0, 1, 2, 3.

(a) (1 point) Draw the constellation and label the axes.

(b) (3 points) Suppose that the information bit rate is 1000 bit/s. What is the null-to-null
bandwidth of the transmitted symbol? (Hint: consider the PSD of the modulated signal.)

(c) (6 points) Find the symbol energy of an 8PSK constellation with the same minimum
Euclidean distance as the QPSK constellation above.

(d) (15 points) Consider the QPSK constellation above. Suppose the receiver’s local frequency
oscillator has an error of exactly 15° with respect to the transmitter. Find the new
probability of symbol error. Your answer can be a bound, as opposed to a precise error
probability. Assume AWGN with noise power spectral density of N0

2
. (Hint: consider a

constellation that is rotated by 30° but where the decision boundaries are left unchanged.)
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2. OFDM. Consider an OFDM transmission scheme with N = 4 subcarriers.

(a) (5 points) If all subcarriers are BSPK-modulated, and the target bit rate is 5000 bit/s,
what is the OFDM symbol rate? Or, equivalently, how many times per second will an
OFDM symbol be transmitted?

(b) (5 points) With the BPSK symbol durations of part (a), if the channel impulse response
lasts 200 µs, what is the minimum subcarrier spacing, in hertz, that can be used? What is
the new OFDM symbol rate? If each subcarrier is BPSK-modulated, what is the new bit
rate?

(c) (10 points) Suppose the channel gain is constant in each of the four subbands, and equal
to 0, 1, 1/2, and 1/3, respectively. Let each subcarrier be BPSK-modulated, the energy
per bit be Eb (before entering the channel), and the noise power spectral density be N0

2
.

Find the bit error probability in each subband. Simplify as much as you can.

(d) (5 points) Using your knowledge of the channel gains, how would you reallocate the bits
to each of the four OFDM subcarriers to transmit 6000 bit/s? In each subband, you can
choose among BPSK, QPSK, and 8PSK. The channel impulse response and the modulated
symbols have the same durations as in part (b).
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3. Block codes. Consider a linear block code with the following generator matrix:

G =

1 0 0 1 1 1
0 1 0 1 1 1
0 0 1 1 0 1

 .
(a) (5 points) Find the parity-check matrix H for this generator matrix.

(b) (7 points) What is the minimum Hamming distance of this code? Provide an explanation
for your answer.

(c) (18 points) Now extend the code by adding one more parity check bit. This is obtained
by adding one column to the right of the generator matrix G to produce a new generator
matrix

Gext =

1 0 0 1 1 1 a
0 1 0 1 1 1 b
0 0 1 1 0 1 c

 ,
where a, b, and c can be either 0 or 1. Among all the possible choices, provide the one(s)
that correspond to the largest minimum Hamming distance for the extended code.
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4. (5 points) Rayleigh fading.

The probability of error for a binary FSK modulation scheme with non-coherent detection on
an AWGN channel is given by

P(e) =
1

2
e−ρ/2,

where ρ = α2Eb/N0, α is the channel attenuation factor, and Eb is the average transmitted bit
energy. In a flat-fading channel, the amplitude α is Rayleigh distributed with pdf:

f(α) =

{
α
σ2 e−α

2/(2σ2), α > 0

0, otherwise.

Compute the expression for the bit error probability for binary FSK with non-coherent detection
in a Rayleigh fading channel. (Hint: you may need

∫∞
0
x2n+1e−ax

2
dx = n!/(2an+1), a > 0.)
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5. ISI channel. Consider a channel with bandpass frequency spanning frequencies 1600 Hz to
4000 Hz.

(a) (5 points) Let the data be QPSK-modulated with carrier frequency fc = 2800 Hz. Sketch
and describe the block diagram of a system that uses root-raised cosine pulses to transmit
at a bit rate of Rb = 2400 bit/s. Make sure the entire frequency bandwidth is utilized.

(b) (5 points) Repeat the previous part for a bit rate of Rb = 4800 bit/s.

(c) (5 points) Consider now a system that transmits at a symbol rate of 2400 symbols per
second, with the target bit rate of Rb = 9600 bit/s. Select an appropriate QAM signal
constellation and the roll-off factor of the root-raised cosine pulse that utilizes the entire
frequency band. Sketch the spectrum of the transmitted signal.
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Q function table
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