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Name:
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Exam duration. The exam is scheduled to last 75 minutes.

Materials allowed. You may use books, notes, your laptop/tablet, and a calculator.
Disable all networks. Please disable all network connections on all computer systems.
You may not access the Internet or other networks during the exam.

No Al tools allowed. As mentioned on the course syllabus, you may not use GPT or other
Al tools during the exam.

Electronics. Power down phones. No headphones. Mute your computer systems.

Fully justify your answers. When justifying your answers, reference your source and page
number as well as quote the particular content in the source for your justification. You
could reference homework solutions, test solutions, etc.

Matlab. No question on the test requires you to write or interpret Matlab code. If you base
an answer on Matlab code, then please provide the code as part of the justification.

Put all work on the test. All work should be performed on the quiz itself. If more space
is needed, then use the backs of the pages.

Academic integrity. By submitting this exam, you affirm that you have not received help
directly or indirectly on this test from another human except the proctor for the test, and
that you did not provide help, directly or indirectly, to another student taking this exam.

Problem | Point Value | Your score Topic
1 24 Baseband PAM Repeater
2 27 QAM Communication Performance
3 27 Compensating for Impairments
4 22 Communication System Tradeoffs
Total 100




PAM System Parameters

a, symbol amplitude
Problem 2.1. Baseband PAM Repeater. 24 points. a, estimated symbol amplitude
A repeater boosts a signal to extend its range. 2d  constellation spacing

fs  sampling rate

Consider a baseband PAM repeater using your board in lab: fim symbol rate
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The baseband PAM repeater will be implemented on the processor: .
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Assume the repeater is repeating a 2-PAM signal, i.e., J= 1.
A bit of value ‘1’ maps to symbol amplitude d and ‘0’ maps to symbol amplitude -d, with d = 1.

(a) For the pulse shape g[m] above, plot the optimal matched filter impulse response 4[m]. 6 points.

(b) For the following received signal r[m], plot @,, vs. the symbol index n. 6 points.

(c) What is the received bit stream? 6 points.

(d) How many bits (if any) should we remove at the beginning of the received bit stream before
retransmitting them? 6 points.



Problem 2.2 QAM Communication Performance. 27 points.
Consider the two 16-QAM constellations below. Constellation spacing is 2d.
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Energy in the pulse shape is 1. Symbol time Tsym is 1s. The constellation on the left includes the
decision regions with boundaries shown by the in-phase (I) axis, quadrature (Q) axis and dashed lines.

Each part below is worth 3 points. Please fully justify your answers. Show intermediate steps.

Left Constellation Right Constellation
(a) Peak transmit power 1842
(b) Average transmit power 10d 2
(c) Peak-to-average power ratio 1842 9
10d2 5

(d) Draw the type I, II and/or III decision regions for the right constellation on top of the right
constellation that will minimize the probability of symbol error using such decision regions.

(e) Number of type I regions 4
(f) Number of type II regions 8
(g) Number of type III regions 4

(h) Probability of symbol error 3 dy 9 ,(d
for additive Gaussian noise with Q (E) 4 Q (E)
zero mean & variance G2

(1) Express d/c as a function of 10d?
the Signal-to-Noise Ratio (SNR) o2
in linear units




Problem 2.3. Compensating for Impairments. 27 points.

OAM System Parameters

2d

Consider the baseband Quadrature Amplitude Modulation (QAM) receiver fs
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Assume the baseband QAM receiver is synchronized in
symbol timing with the baseband QAM transmitter.
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i[n] in-phase component of
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During training, transmitted 4-QAM baseband symbol amplitudes (solid black dots) and received baseband
4-QAM symbol amplitudes (black circles) are shown below. Please fill out the table below.

In each case, all transmitted/received symbol amplitudes in the same quadrant correspond to the same symbol.

Symbol amplitudes: The primary | Location(s) of | Subsystem to add or | Give an equation
Transmitted (black impairment impairment modify in baseband | governing how you
solid dots) and (circle only (circle all that | Rx to compensate would design the
received (black circles) | one) 2 pts. apply) 2 pts. impairment. 2 pfs. subsystem. 3 pts.
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Problem 2.4. Communication System Tradeoffs. 22 points.

Claude Shannon derived the following upper bound on the capacity, C,
for a communication channel in units of bits/s for a QAM system:

C = By log,(1 + SNR)
where
B is the transmission bandwidth in Hz

SNR is the Signal-to-Noise Ratio at the receiver in linear units (not in

decibels) where
__Signal Power

SNR

Noise Power

The upper bound on the number of bits/symbol, J, is log, (1 + SNR)
rounded down to make it an integer.

We seek to increase the channel capacity in a QAM system.

e Assume the transmission bandwidth, Br, remains constant.

OAM System Parameters

B number of bits used in the
D/A converter in transmitter

2d constellation spacing

fs  sampling rate

fom symbol rate

g[m] pulse shape

h[m] matched filter impulse resp.
i[n] in-phase symbol amplitude
q[n] quadrature symbol amplitude

bits/symbol

samples/symbol period
levels, i.e. M =2’

sample index

number of symbol periods in
a pulse shape

symbol index

e The received SNR is evaluated in the baseband QAM receiver where the in-phase and
quadrature components of the symbol amplitude values are estimated.

(a) Describe two approaches in the transmitter that can improve the received SNR. 6 points.

(b) Assuming both of your transmitter approaches in part (a) are implemented, how does improvement
in the receiver SNR effect the following measures? Does the measure increase, decrease, or stay

the same. Justify your answer.

1.  Bitrate. 4 points.

i1.  Probability of symbol error (also known as the symbol error rate). 4 points.

iii.  Baseband transmitter run-time implementation computational complexity. 4 points.

iv.  Power consumption in the D/A converter in the transmitter analog/RF front end. 4 points.




