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N.B. 
 

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 3 pages and 8 questions.  
 

Problem 1 – Quick questions 
 

a) Describe the difference between absolute and relative Quality of Service within 
Ethernet.  

b) Explain the differences between the clock signal in the nodes in case of  
a. Ethernet 
b. PDH 
c. SDH 

c) Briefly explain the CSMA/CA protocol. 
d) Why does frequency hopping improve the security of Bluetooth? 

 
Problem 2 – Cognitive radio 
 
Several techniques have been developed to make better use of the available spectrum. One of 
the techniques is cognitive radio. In cognitive radio systems the spectrum is sensed and 
unused bandwidth is available for radio transmission. Of course this must be done very 
dynamically. In the figure below a part of a spectrum is given: 
 

 
 

a) Explain why OFDM is well suited for cognitive radio systems. 
b) Regulations restrict so-called out-of-band emission to -60 dB. What impact does 

that have on the technique mentioned in a)? What can be done to meet these 
specifications?  

 
Spread spectrum techniques can also be used to add users to the existing spectrum.   
 

c) In case of DSSS techniques, what will be the impact to the existing users? 
d) Is a FHSS technique together with an intelligent spectrum sensing algorithm a 

possibility of co-existing use of the spectrum? Explain your answer.  
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Problem 3 – Digital transport modes 
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The figure illustrates an E3 signal being multiplexed to an E4 signal. The E4 signal is then 
transported over an SDH network (SDH Mux  ↔  Digital Cross Connect  ↔ SDH Mux) at the 
end of which the E4 signal is extracted.  
 

1) The PDH Mux output is timed by CLK1. The CLK1 is running faster than the nominal 
frequency and is adding a 15ppm offset to the nominal bit rate. What is the bit rate of 
the E4 signal at (b)? 

2) The E4 signal at (b) is multiplexed on to an STM-1 signal. What kind of VC is used for 
the mapping from (b) to (c)? 

3) The VC mapping from (b) to (c) is done with CLK2. This clock is running slower than the 
nominal frequency (∆f = - 4.6 ppm). How many pointer movements per second are 
seen at (c)? 

4) The Digital Cross connect is clocked by CLK3 which is running faster than the nominal 
frequency (∆f = + 4.6 ppm). The network operator decides to operate the digital cross 
connect with line timing (clock is derived from the line). How many pointer movements 
are seen at (d)? 

5) If now the network operator decides to operate the digital cross connect with clocking 
from CLK3 (∆f = + 4.6 ppm), how many pointer movements are seen at (d)? 

6) What is the bit rate of E4 seen at (e), if CLK4 is running faster than the nominal rate 
(∆f = + 4.6 ppm)? 

 
 
Problem 4 – Satellite systems 
 
Consider a system in which we want to broadcast a wideband signal to the Moon. At Earth we 
have a dish of 30 meter in diameter with an efficiency of 55%. At the Moon a 10 meter dish 
has been mounted, with an efficiency of 55% and a 200K noise temperature. The distance 
between the Moon and the Earth is 384.000 km. We make use of the 2.4 GHz ISM band. How 
much power does it take to send a 50 kb/s signal with an Eb/N0 of 12 dB?  
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Problem 5 – Digital video broadcast 
 
Consider an uncompressed studio quality TV transmission system, with 576 lines, 720 samples 
per line, 8 bits/sample, and 50 non-interlaced images per second.  
 

a) What is the uncompressed video stream bit rate? 
b) Explain how this can be reduced to acceptable rates. 
c) Explain the difference between source coding and channel coding. 
d) Due to the non-ideal transmission channel, the compressed data stream is extremely 

sensitive to errors. Mention at least three techniques to reduce the bit error rate. 
e) What is a code rate?  

 
Problem 6 – Multiplexing 
 
Consider a cellular TDMA system using a 48.6 kbps data rate. Each user occupies two of the 
six available time slots per frame.  
 

a) What is the raw data rate provided for each user? 
 

Assume that each reverse channel frame contains six time slots with 324 bits per time slot, 
and within each time slot, assume that there are six guard bits, six bits reserved for ramp-up, 
28 synchronization bits, 12 control channel bits, 12 bits for supervisory control signals, and 
260 data bits.  
 

b) Determine the frame efficiency for this system. 
c) If half-rate speech coding is used, then six users may be supported within a frame. 

Determine the raw data rate and frame efficiency for users with half-rate speech 
coding.  

 
Problem 7 – ADSL  
 
ADSL is the most widely used member of a family of broadband Digital Subscriber Line modem 
technologies.  

a) Explain the key characteristics and typical application of ADSL technology. 
b) ADSL often uses a transmission technique known as DMT.  

(i) Describe the DMT technique as used in ADSL. 
(ii) How does DMT maximize the data rate over variable quality links?  

c) Is it possible to use analogue telephony and transmit digital data simultaneously using 
a single telephone line? Explain your answer.  

 
Problem 8 – Short Range Radio 
 
The demand for ad-hoc networks and personal area networks (PANs) is increasing in our daily 
life. A PAN is defined as a network used for communication among computer devices close to 
one person. Short Range Radio techniques are developed to establish the communication.  
 

a) Describe briefly two protocols/systems typically designed for short range 
communication. 

b) Which frequency bands are available for this type of communication?  
c) Why is the 65 GHz band very suitable for short range communication (mention more 

than one reason)? 
 
 
 

    --  END  -- 


