
Exam "Modern Communication Systems", 191210780, November 4, 2014, 
13:45- 16:45 h 

a) Dutch students are strongly advised to present their answer sheets written in 

Dutch. If the English text of the problems is not clear, please do not hesitate to 

ask for an explanation. 

b) Keep your answers as short as possible, but be complete. 

c) Use drawings whenever possible, but clearly describe or indicate what the 

drawing and the different parts represent. 

d) The exam is open book. The reader, slides, class notes, other study books, and 

calculators are allowed. A computer, cell phone, or other types of 

communication devices are NOT allowed during the exam. 

e) This exam consists of 5 pages and 6 questions. 

Problem 1 - Various 

a) Explain bandwidth efficiency and power efficiency and explain why a tradeoff 
between these two is often needed in communication systems. 

b) What is the motivation for using OFDM in time-dispersive channels? 
c) What are the advantages and what are the drawbacks of using a cyclic prefix in 

OFDM? 
d) In DVB-T often single frequency networks (SFN) are used. Explain what is 

meant by SFN and mention an advantage and disadvantage of this technique. 
e) Briefly mention two differences and two similarities between WiMAX and LTE

Advanced. 
f) Mention the benefit of cooling receivers and show that by a simple calculation. 

Problem 2- OFDM 

Consider an OFDM system operating with sampling frequency Fs = 20 MHz and N = 64 
subcarriers. The channel is time-invariant, frequency-flat (no dispersion in time) and 
adds stationary white Gaussian noise. Assume the system achieves a certain average 
datarate of R bit/s. 

a. Does doubling the number of subcarriers (that is, using N = 128 instead of N = 
64, while keeping Fs = 20 MHz) double the datarate R? Answer with yes or no 
and motivate your answer! (Assume that channel estimation, synchronisation, 
etc. behave the same for N = 128 as for N = 64.) 

b. Does doubling the sampling frequency (that is, using Fs = 40 MHz instead of Fs 
= 20 MHz, while keeping N = 64) double the data rateR? Answer with yes or no 
and motivate your answer! (Assume that channel estimation, synchronisation, 
etc. behave the same for F5 = 40MHz as for F5 = 20 MHz.) 
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Problem 3 - Space systems 

Consider a swarm of satellites in space. The satellites need to exchange data with 
each other, so a so-called inter satellite link (ISL) is necessary. First look at the ISL 
between two satellites. The maximum power of the transmitter of each satellite is 1 W. 
On the satellites we use so-called patch antennas, with a maximum gain of 3 dB. 

\. 

\-

a. Calculate the EIRP of the ISL of a satellite in case the cable losses are 1.3 dB 
and the losses of switches in the circuit are 1 dB. 

The operating frequency is 2.4 GHz (ISM band). The maximum distance between the 
satellites for the ISL is 50 kilometres. Pointing losses are 1 dB. 

b. Calculate the free space path loss. 

c. Calculate the received power. 

The receiver consists of an antenna system, coaxial cable, diplexer to separate the 
receive and transmit signals, another piece of cable and the Low Noise Amplifier. 
Behind the LNA the backend system is implemented, consisting of a downconverter, 
sampler and detection circuit for detecting the signals and feeding the data signals to 
the on-board computer for further processing. The G/T ratio is -26.14 dB/K. 

d. Calculate the received C/NO. 
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e. If the required Eb/NO is 5dB, is it possible to transmit with 1 Mbps? 

Now we consider the complete swarm of satellites. Let's consider 50 satellites in the 
swarm with a swarm diameter of 50 kilometres. Data of each of the satellites is 
communicated to all the other satellites. 

f. What are possible multiple access schemes to solve this challenge? Describe 
(briefly) a possible implementation. 

It is also possible to consider OFDM as a multiple access scheme. 

g. Explain briefly the principles of OFDM and why OFDM is being used. 

The subchannels in the OFDM block can be assigned to the various ISLs. 

h. What are the main problems is such a scheme and (bonus) how can it be 
implemented? 

Problem 4 - Spread spectrum system 

Consider the following four-stage feedback shift register : 
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a. The initial stage of the register is 1000. Find the output sequence of the shift 
register 

b. Demonstrate the balance property and run property of the PN sequence. 
c. Calculate and plot the autocorrelation function of the PN sequence produced by 

the shift register. 

We can now use this PN sequence in spread spectrum systems. 
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d. Explain spread spectrum techniques. 
e. Give 3 advantages of spread spectrum communication techniques compared to 

small band communication techniques. 
f. Explain why multipaths have little to no effect in spread spectrum techniques. 
g. Briefly explain two spread spectrum techniques and mention at least two 

similarities and two differences between the two. 

Problem 5 - Cellular mobile communications 

Consider a cellular network with the following layout: 

a. Find the 5/I ratio taking the first and second tier into account. 
Use i=2, j=1 and N=7 as cluster size. 

Suppose that the cell radius R in this network is 1390 meter. The sensitivity of the 
mobile devices in the network is -80 dBm .. 

b. Find the required transmitter power of a base station assuming that the 
received power at a distance of 10 meter from the base station antenna is 45 
dB less than the transmitted power. (use the n=4 ). 
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Problem 6 - Communication systems 

Let's have a look at the communication part of a Segway. 

The wireless InfoKey controller is a key and dashboard for the Segway and is mounted 
at the steering wheel/handle (see pictures). Basic control, like switching it on/off, 
speed indication, setting maximum speed, can be done using this wireless InfoKey 
controller. 

a) Describe a possible communication scheme for the wireless InfoKey. Take 
things in consideration like analog/digital communication, data rates, 
interference from the motors and other causes, coding, what to control, duplex, 
modulation, etc. 

b) Fading of the received signal can occur. What is fading and can it occur in this 
case? And what is the problem with fading? 

-- END --


