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INSTRUCTIONS:
(i) This paper consists of two (02) sections, section A and section B. 
(ii) Attempt all questions in section A and Attempt at least three (03) questions from section B. 
(iii)    Credit will be given for use of relevant examples and illustrations.
(iv)    Begin each number on a new page of the answer sheet.
(v)    DO NOT write on this question paper.






SECTION A
1. Which organization is responsible for setting standards for GSM?
	a) ITU
	b) IEEE
	c) ETSI
	d) 3GPP


2. Which technology was introduced to GSM to enable packet-switched data services, acting as the transition to 3G (2.5G)
	a) UMTS
	b) GPRS
	c) CDMA
	d) EDGE


3. What is the core air-interface multiple access technique utilized in traditional GSM networks?
	a) CDMA
	b) FDMA and TDMA
	c) OFDMA
	d) SC-FDMA


4. Which of the following does not come under the teleservices of GSM?
	a) Standard mobile telephone
b) Mobile originated traffic
c) Base originated traffic
d) Packet switched traffic


5. Which of the following comes under supplementary ISDN services?
	a) Emergency calling
b) Standard mobile telephony
c) Call diversion
d) Short Message Service (SMS)


6. Which of the following feature makes it impossible to eavesdrop on GSM radio transmission?
	a) SIM
	b) On the air privacy
	c) SMS
	d) Packet data encryption


 7. Which component in the BSS manages radio resources and handles handovers for multiple BTS sites
	a) BSC
	b) MSC
	c) HLR
	d) OSS


8. What database is used to track and block stolen or unauthorized mobile phone handsets?
	a) HLR
	b) VLR
	c) AuC
	d) EIR


 9. What network technology was introduced to GSM to enable packet-switched data (internet access)?
	a) UMTS
	b) EDGE
	c) CDMA
	d) GPRS


10.  Which GSM component contains the encryption and authentication keys to ensure network security?
	a) SIM
	b) BSC
	c) BTS
	d) MSC



11. Which network component handles Radio Resource Management (RRM) functions such as channel allocation and handovers in GSM?
	a) MSC
	b) BSC
	c) BTS
	d) HLR


 12. GSM, which of the following is responsible for measuring the signal strength and quality of the serving cell and neighboring cells?
	a) MSC
	b) BTS
	c) MS
	d) HLR


13. What is the frequency band used for GSM 900 uplink (transmission from mobile station to base station)?
	a) 890-915 MHZ
	b) 935-960 MHZ
	c) 710-1785 MHz
	d) 1805-1880 MHZ


14. Which channel type is used for Radio Resource Management to carry signaling data before a dedicated traffic channel (TCH) is assigned?
	a) Traffic Channel (TCH) 
b) Broadcast Control Channel (BCCH)
c) Stand-alone Dedicated Control Channel (SDCCH) 
d) Random Access Channel (RACH)


15. Which multiple access technique does GSM utilize to manage radio resources across frequency bands?
	a) Time Division Multiple Access (TDMA) combined with FDMA
b) Carrier Sense Multiple Access (CSMA)
c) Orthogonal Frequency Division Multiple Access (OFDMA)
d) Code Division Multiple Access (CDMA)


16. Which of the following is NOT a primary source of interference in cellular radio systems?
	a) A call in progress in a neighboring cell
b) A nearby base station operating on the same frequency
c) Non-cellular systems leaking energy into the frequency band
d) A base station in a completely different cluster


17. What is the primary cause of adjacent channel interference in GSM systems?
	a) Using the same frequency band across multiple non-neighboring cells
b) Imperfect receiver filters which allow nearby frequencies to leak into the desired channel
c) The mobility of the subscriber during an active call
d) Base station power transmission limits



18. The "near-far effect" is a major problem commonly associated with:
	a) Co-channel interference
b) Adjacent channel interference
c) Inter-symbol interference
d) Atmospheric fading


19.  How can co-channel interference be minimized in a GSM network?
	a) By increasing the cell size globally
b) By transmitting at maximum power for all mobile stations
c) By decreasing the distance between co-channel cells
d) By ensuring a proper co-channel reuse ratio (D ÷ R) to separate interfering cells


20. In GSM, what physical network parameter directly dictates cluster size?
	a) Frequency reuse factor
b) Modulation scheme used
c) Number of subscribers in the Home Location Register (HLR)
d) Base Station Identity Code (BSIC)



21. By which alternate name is Grade of Service (GOS) well-known?
	a) Throughput
	b) Channel capacity
	c) Time congestion
	d) Signal-to-noise ratio


22. What happens to the Grade of Service (GOS) if the offered traffic intensity increases while the number of channels remains the same?
	a) The GOS improves (decreases).
b) The GOS worsens (increases blocking).
c) The GOS remains completely unaffected.
d) The network bandwidth increases.


23. What are the two primary causes of degradation in digital error performance (BER)?
	a) Free space path loss and thermal noise power
b) Signal distortion and loss in signal-to-noise ratio
c) Antenna pointing error and frequency drift
d) System temperature and impedance mismatch


24. What does a "Link Margin" represent in link budget analysis?
	a) The financial budget allocated for link maintenance
b) The maximum distance a signal can travel
c) The physical clearance around the antenna to avoid obstacles
d) The difference between the actual received C/N and the minimum required C/N



25. How does the directivity of an antenna relate to its beam area?
	a) Directivity is directly proportional to beam area
b) Directivity is equal to the square root of beam area
c) Directivity is inversely proportional to beam area
d) There is no relation between them


SECTION B
Question 1 (25 Marks)
A subscriber, Q, is travelling by bus from Kampala to Gulu while making voice calls and conducting business transactions using a mobile phone. During the journey, Q notices a short delay before calls are connected and before business transactions are successfully completed.
(a) Based on the scenario above, 
i. Identify and justify the most likely mobile network standard being used by subscriber Q. (2 marks)
ii. State three (03) reasons for the brief delay experienced by Q. (3 marks)
iii. Explain two (02) disadvantages of broadcasting communication systems that led to the adoption of cellular technology (4 marks)
(b) The network standard has undergone significant evolution over time,
i. State and explain two reasons why the network standard replaced earlier mobile standards. (04 marks). 
ii. Explain two (02) effects of the evolution of network standards on mobile internet services in Uganda (04 marks).
iii. State four (04) challenges encountered during the upgrading of the network standard throughout the evolution (04 marks).
(c) Describe two key characteristics of 4G LTE mobile communication systems (04 marks). 
Question 2 (25 Marks)
a) A cellular communication system is assigned a frequency band ranging from 1220 MHz to 1260 MHz from this allocation; 5 MHz is set aside for control channels and guard bands. The system operates using simplex channels with a bandwidth of 40 kHz and requires a signal-to-interference ratio of  
i. Calculate the number of available simplex channels in the system. (5 marks)
ii. Hence, determine the number of duplex audio communication channels per cell that can be supported in the system. (6 marks)
b) A A mobile network operator in Uganda is expanding its GSM network to enhance coverage and service quality in both urban and rural areas. The network consists of key access and core network elements, including the Mobile Switching Centre (MSC), Home Location Register (HLR), Visitor Location Register (VLR), Media Gateway, Equipment Identity Register (EIR), Authentication Centre (AuC), and other supporting components. During the expansion, some subscribers experience temporary delays in call registration when moving between regions, while others occasionally receive authentication requests when attempting to access network services. 
i. Explain the importance of each of the GSM network elements listed above. (06 marks)   
ii. State two possible causes for delays in call registration and two (02) frequent occurrences of authentication requests. (4 marks)
iii. How does the data stored in the VLR differ from the data stored in the HLR (02 marks)   
iv. Distinguish between the Abis interface and the Um interface in GSM architecture. (2 marks)
Question 3 (25 Marks)
A mobile network operator in Uganda is experiencing increased subscriber traffic in urban areas such as Kampala and Entebbe. Users frequently move between cells while making calls. The network planners notice call drops during movement between cells and increased co-channel interference in densely packed regions. The network uses a cellular architecture with a defined cluster size.
a. Explain the impact of cluster size on channel interference and overall network capacity in a cellular network. (4 marks)
b. Describe how call management is carried out to ensure continuous service for users moving across different cells while making calls (4 marks)
c. Discuss two (03) possible causes of dropped calls and suggest appropriate measures to address the identified problems. (6 marks)
d. Propose three distinct strategies that the mobile network operator can use to manage the continuously increasing traffic in Entebbe and Kampala, and explain how each strategy operates. (6 marks)
e. With reference to GSM cluster sizing principles, evaluate whether a cluster size of 18 cells is feasible. Support your answer with a clear technical justification. (5 marks)
Question 4 (25 Marks)
A wireless communication link is designed with the following parameters:
· Transmit power, 
· Transmit antenna gain. 
· Receiving antenna gain,
· Distance between transmitter and receiver, 
· Operating frequency, 
· Band width, 
· Boltzmann constant,  
· Cable and connector losses, 
· Receiver operating temperature,  
a) Define the term Effective Isotropic Radiated Power (EIRP) (2 marks)
b) Determine the Effective Isotropic Radiated Power (EIRP) of the transmitter (3 marks)
c) Using appropriate propagation and loss models, determine the received power at the receiver input, taking into account the given cable and connection losses. (10 marks)
d) Compute the Signal-to-Noise Ratio (SNR) at the receiver, given that the system operates at the specified temperature. (5 marks)
e) Explain how increasing the bandwidth from 30 MHz to a higher value would affect the noise power and overall signal quality in the receiver. (5 marks)
NB: Clearly show all formulas, substitutions, and unit conversions in your working.
Question 5 (25 Marks)
a) An engineer is considering Time Division Multiple Access (TDMA) and Frequency Division Multiple Access (FDMA) as a solution to increased subscriber demand that has led to congestion in the radio interface
Compare TDMA and FDMA in terms of: (@2 marks)
i. Bandwidth usage 
ii. Capacity efficiency 
iii. Interference handling 
iv. Suitability in modern mobile networks
b) State two advantages and two disadvantages of CDMA in comparison with both FDMA and TDMA. (04 marks)
c) The municipality expects a rapid increase in subscribers over the next five years. Recommend the most suitable multiple access technique and justify your answer. (4marks)
d) A mobile network operator in Kampala is experiencing high call blocking during peak hours due to increased subscriber traffic. The engineer reports a Grade of Service (GoS) of 0.05 in the busiest cell
i. Define the term Grade of Service (GoS) as used applied by the engineer and explain its significance in network performance evaluation (2 marks)
ii. Explain what a GoS value of 0.05 means in this scenario (2 marks)
iii. Identify two causes of high GoS in a cellular network. And suggest three strategies the operator can use to improve the GoS (5 marks)
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