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In order to avoid grading mistakes, please answer each question on a different page and keeping the order as much 
as possible. 

1) Consider the OLSR routing protocol for mobile ad hoc networks. 

a) Classify OLSR as proactive or reactive. Justify. (1,0 val) 

b) OLSR employs two kind of control messages. Explain how those kinds of messages are used. (1,0 val) 

c) OLSR defines the concept of Multipoint Relay (MPR), which is not considered in simple link state 
protocols. Explain the advantage using MPRs. (1,0 val) 

d) In the following network topology, which should be the MPRs of node E. Justify. (2,0 val) 
 

 

 

2) LoRaWAN is a Low Power Wide Area Network (LPWAN) technology, which is currently considered very 
promising from the point of view of Internet of Things (IoT) implementation. Consider the tables below and 
answer the following questions: 

a) What is the number of bits per symbol when operating at DR4? (1,0 val) 

b) What is the maximum uplink packet rate (in packets per second) when using DR3, maximum packet 
size, no acknowledgements, and with 1% duty cycle? (1,0 val) 

c) Which entity of the LoRaWAN architecture is responsible for transmitting the acknowledgements? (1,0 
val) 

d) Explain the difference between Class A, Class B and Class C devices. (1,0 val) 

e) Consider a LoRaWAN cell (network formed by a single gateway), where all the devices transmit packets 
with the same size and same period. If a single SF is used, which SF would you choose to maximize the 
number of devices supported in the cell? (1,0 val) 
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3) Answer the following questions regarding the architecture and technologies of mobile cellular systems.  

a) A mobile terminal is currently connected with Base Station A, and approaching Base Station B, as depicted in 
the following picture. Which handoff locations (LA, L1, L2, L3, L4, LB) result from the following handover 
strategies: 

i) Relative Signal Strength with threshold Th3. (1,0 val) 

ii) Relative Signal Strength with Hysteresis. (1,0 val) 

 

b) Consider that an LTE network operator is covering an area with cells of radius 𝑹 = 𝟓𝟎𝟎𝒎. The total number 
of subcarriers owned by the operator is 𝑵𝒇 = 𝟑𝟔𝟎𝟎. In order to avoid interference between neighbor cells, the 
latter use different subcarriers in their periphery zones. The total number of subcarriers reserved for use in the 
periphery zones of the cells is 1200, and the respective reuse factor is 1/3. The remaining 2400 subcarriers 
(always the same) are used in the central zones of all cells, hence the respective reuse factor is 1. The periphery 
zone of each cell is defined as the area (𝑨𝒑) outside of the central hexagon (see figure), and we have that 𝑨𝒑 =

𝑴

ே೑
೎೐೗೗ 𝑨𝒕, where 𝑴 is the number of frequencies used in the periphery of the cell, 𝑁௙

௖௘௟௟  is the total number of 

frequencies used in the cell and 𝑨𝒕 is the total area of the cell. 

i) Calculate 𝑨𝒑. Justify. (1,0 val) 



 

ii) Calculate the radius of the central hexagon of a cell. Justify. Note: in case that you were unable to solve b-
i), present the result as a function of 𝑨𝒑. (1.0 val) 

iii) What is the distance between the center of one cell and the center of the closest cell that reuses the same 
subcarriers in the periphery zone? Justify. (1.0 val.) 

 

 

4) Consider one of the orbital planes of a LEO satellite system operating in the 1 GHz frequency, with transmit 
power of 43 dBm. The angular speed is 0.824 mrad/s. The satellite and ground station antennas have similar 
characteristics. The received power is -82,28 dBm. The atmosphere introduces an additional attenuation of 
10 dB. 

a) Calculate the altitude of the orbit. (1,0 val) 

b) Calculate the period of the orbit. (1,0 val) 

c) Calculate the gain of the antennas. (2, 0 val) 

d) Calculate the beamwidth of the antennas. (1,0 val) 
 

 

 

LoRaWAN 

Symbol Rate: 

𝑹𝒔 =
𝑩𝑾

𝟐𝑺𝑭
 

Chirp Rate: 

𝑹𝒄 = 𝑩𝑾 × 𝑹𝒔 =
𝑩𝑾𝟐

𝟐𝑺𝑭
 

Net Bit Rate: 

𝑹𝒃 = 𝑺𝑭 × 𝑹𝒔 × 𝑪𝑹 

CR=Code Rate (k/n of the error correcting code) 

 

Bit Error Rate (empirical approximation): 

𝑩𝑬𝑹 = 𝑸 ൬
𝒍𝒐𝒈𝟏𝟐(𝑺𝑭)

√𝟐
∙

𝑬𝒃

𝑵𝟎

൰ 

 

 

 

 

 

 



 

Cellular Networks and Traffic Engineering 

Hexagonal cell area: 

𝑨𝒄𝒆𝒍𝒍 = 𝟏. 𝟓 × 𝑹𝟐 × √𝟑 

Distance between hexagonal cell centers: 

𝒅 = √𝟑 × 𝑹 

Frequency reuse factor: 

𝑹𝑭 =
𝟏

𝑮
 

Cell cluster sizes: 

𝑮 = 𝑰𝟐+𝑱𝟐 + (𝑰 × 𝑱) 𝒔𝒕 𝑰,  𝑱 = 𝟎,  𝟏,  𝟐,  𝒆𝒕𝒄. 

Reuse distance vs cell Radius and cluster size: 

𝑫

𝑹
= √𝟑𝑮 

Reuse distance vs distance between adjacent cell 
centers, cell radius and cluster size:  

𝑫𝟐 = 𝒅𝟐𝑰𝟐+𝒅𝟐𝑱𝟐 − 𝟐(𝒅𝑰 × 𝒅𝑱)𝒄𝒐𝒔 (𝟏𝟐𝟎º)

= 𝒅𝟐ቀ𝑰𝟐+𝑱𝟐 + (𝑰 × 𝑱)ቁ

= 𝟑𝑹𝟐ቀ𝑰𝟐+𝑱𝟐 + (𝑰 × 𝑱)ቁ 

Traffic intensity: 

𝑨 = 𝝀 ∙ 𝒉 

Traffic intensity: 

𝑨 = 𝝆 ∙ 𝑵 

Grade of service for ∞ sources LCC: 

𝑷 =

𝑨𝑵

𝑵!

∑
𝑨𝒙

𝒙!
𝑵
𝒙ୀ𝟎

 

Capacity of blocking system: 

𝑪 = 𝑨(𝟏 − 𝑷) 

Law of cosines: see above. 

 

 

 

 

 



 

 

Useful Trigonometry 

 

Law of cosines: 

𝒄𝟐 = 𝒂𝟐 + 𝒃𝟐 − 𝟐𝒂𝒃 ∙ 𝒄𝒐𝒔 (𝑪) 

𝒃𝟐 = 𝒂𝟐 + 𝒄𝟐 − 𝟐𝒂𝒄 ∙ 𝒄𝒐𝒔 (𝑩) 

𝒂𝟐 = 𝒃𝟐 + 𝒄𝟐 − 𝟐𝒃𝒄 ∙ 𝒄𝒐𝒔 (𝑨) 

 

Law of sines: 

𝒂

𝒔𝒊𝒏(𝑨)
=

𝒃

𝒔𝒊𝒏(𝑩)
=

𝒄

𝒔𝒊𝒏(𝑪)
 

 

 

 

Satellite Systems 

𝑭𝒈 = 𝒎 ∙ 𝒈 ∙ (𝑹/𝒓)𝟐 

𝒈 = 𝟗. 𝟖𝟏𝒎/𝒔𝟐 (gravitational acceleration) 

𝑹 = 𝟔𝟑𝟕𝟎 𝒌𝒎 (radius of the Earth) 

𝑭𝒄 = 𝒎 ∙ 𝒓 ∙ 𝝎𝟐 

 

𝑳 = ൬
𝟒 ∙ 𝝅 ∙ 𝒅 ∙ 𝒇

𝒄
൰

𝟐

 
𝑭𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕 𝑫𝒊𝒂𝒎𝒆𝒕𝒆𝒓 = 𝟐 × 𝜶 × 𝒉 

𝑮(𝟏𝒑𝒍𝒂𝒏𝒆) = 𝟐𝝅/(𝟐 × 𝜶) 
𝑨𝒆𝒇𝒇 = 𝜼 ∙ 𝑨𝒑𝒉𝒚 =

𝝀𝟐

𝟒𝝅
𝑮 

𝑷𝒓(𝒅𝑩𝒎) = 𝑷𝒕(𝒅𝑩𝒎) + 𝟏𝟎 ∙ 𝒍𝒐𝒈𝟏𝟎 ቆ
𝑮𝒕 ∙ 𝑮𝒓 ∙ 𝝀𝟐

(𝟒 ∙ 𝝅 ∙ 𝒅)𝟐
ቇ − 𝑨𝒕 



 

𝑷𝒓(𝒅𝑩𝒎) = 𝑷𝒕(𝒅𝑩𝒎) − 𝟏𝟎 ∙ 𝒍𝒐𝒈𝟏𝟎 ቆ
𝟒 ∙ 𝑭𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕

𝝅𝟐 ∙ 𝑨𝒆𝒇𝒇

ቇ − 𝑨𝒕 

 

𝑹

𝑹 + 𝒉
=

𝒔𝒊𝒏 (𝜶)

𝒔𝒊𝒏 ቀ𝜽 +
𝝅
𝟐

ቁ
= 

𝒔𝒊𝒏 ቀ
𝝅
𝟐

− 𝜷 − 𝜽ቁ

𝒔𝒊𝒏 ቀ𝜽 +
𝝅
𝟐

ቁ
=

𝒄𝒐𝒔 (𝜷 + 𝜽)

𝒄𝒐𝒔 (𝜽)
 

 

𝒅

𝑹 + 𝒉
=

𝒔𝒊𝒏 (𝜷)

𝒔𝒊𝒏 ቀ𝜽 +
𝝅
𝟐

ቁ
= 

=
𝒔𝒊 𝒏(𝜷)

𝒄𝒐 𝒔(𝜽)
 

𝒅 =
(𝑹 + 𝒉) ∙ 𝒔𝒊𝒏 (𝜷)

𝒄𝒐𝒔 (𝜽)
=

𝑹 ∙ 𝒔𝒊𝒏 (𝜷)

𝒔𝒊𝒏 (𝜶)
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b) OLSR employs two kind of control messages. Explain how those kinds of messages are used. (1,0 val) 

c) OLSR defines the concept of Multipoint Relay (MPR), which is not considered in simple link state 
protocols. Explain the advantage using MPRs. (1,0 val) 

d) In the following network topology, which should be the MPRs of node E. Justify. (2,0 val) 
 

 

 

2) LoRaWAN is a Low Power Wide Area Network (LPWAN) technology, which is currently considered very 
promising from the point of view of Internet of Things (IoT) implementation. Consider the tables below and 
answer the following questions: 

a) What is the number of bits per symbol when operating at DR4? (1,0 val) 

b) What is the maximum uplink packet rate (in packets per second) when using DR3, maximum packet 
size, no acknowledgements, and with 1% duty cycle? (1,0 val) 

c) Which entity of the LoRaWAN architecture is responsible for transmitting the acknowledgements? (1,0 
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d) Explain the difference between Class A, Class B and Class C devices. (1,0 val) 

e) Consider a LoRaWAN cell (network formed by a single gateway), where all the devices transmit packets 
with the same size and same period. If a single SF is used, which SF would you choose to maximize the 
number of devices supported in the cell? (1,0 val) 
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3) Answer the following questions regarding the architecture and technologies of mobile cellular systems.  

a) A mobile terminal is currently connected with Base Station A, and approaching Base Station B, as depicted in 
the following picture. Which handoff locations (LA, L1, L2, L3, L4, LB) result from the following handover 
strategies: 

i) Relative Signal Strength with threshold Th3. (1,0 val) 

ii) Relative Signal Strength with Hysteresis. (1,0 val) 

 

b) Consider that an LTE network operator is covering an area with cells of radius 𝑹 = 𝟓𝟎𝟎𝒎. The total number 
of subcarriers owned by the operator is 𝑵𝒇 = 𝟑𝟔𝟎𝟎. In order to avoid interference between neighbor cells, the 
latter use different subcarriers in their periphery zones. The total number of subcarriers reserved for use in the 
periphery zones of the cells is 1200, and the respective reuse factor is 1/3. The remaining 2400 subcarriers 
(always the same) are used in the central zones of all cells, hence the respective reuse factor is 1. The periphery 
zone of each cell is defined as the area (𝑨𝒑) outside of the central hexagon (see figure), and we have that 𝑨𝒑 =

𝑴

ே೑
೎೐೗೗ 𝑨𝒕, where 𝑴 is the number of frequencies used in the periphery of the cell, 𝑁௙

௖௘௟௟  is the total number of 

frequencies used in the cell and 𝑨𝒕 is the total area of the cell. 

i) Calculate 𝑨𝒑. Justify. (1,0 val) 



 

ii) Calculate the radius of the central hexagon of a cell. Justify. Note: in case that you were unable to solve b-
i), present the result as a function of 𝑨𝒑. (1.0 val) 

iii) What is the distance between the center of one cell and the center of the closest cell that reuses the same 
subcarriers in the periphery zone? Justify. (1.0 val.) 

 

 

4) Consider one of the orbital planes of a LEO satellite system operating in the 1 GHz frequency, with transmit 
power of 43 dBm. The angular speed is 0.824 mrad/s. The satellite and ground station antennas have similar 
characteristics. The received power is -82,28 dBm. The atmosphere introduces an additional attenuation of 
10 dB. 

a) Calculate the altitude of the orbit. (1,0 val) 
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LoRaWAN 

Symbol Rate: 

𝑹𝒔 =
𝑩𝑾

𝟐𝑺𝑭
 

Chirp Rate: 

𝑹𝒄 = 𝑩𝑾 × 𝑹𝒔 =
𝑩𝑾𝟐

𝟐𝑺𝑭
 

Net Bit Rate: 

𝑹𝒃 = 𝑺𝑭 × 𝑹𝒔 × 𝑪𝑹 

CR=Code Rate (k/n of the error correcting code) 

 

Bit Error Rate (empirical approximation): 

𝑩𝑬𝑹 = 𝑸 ൬
𝒍𝒐𝒈𝟏𝟐(𝑺𝑭)

√𝟐
∙

𝑬𝒃

𝑵𝟎
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Cellular Networks and Traffic Engineering 

Hexagonal cell area: 

𝑨𝒄𝒆𝒍𝒍 = 𝟏. 𝟓 × 𝑹𝟐 × √𝟑 

Distance between hexagonal cell centers: 

𝒅 = √𝟑 × 𝑹 

Frequency reuse factor: 

𝑹𝑭 =
𝟏

𝑮
 

Cell cluster sizes: 

𝑮 = 𝑰𝟐+𝑱𝟐 + (𝑰 × 𝑱) 𝒔𝒕 𝑰,  𝑱 = 𝟎,  𝟏,  𝟐,  𝒆𝒕𝒄. 

Reuse distance vs cell Radius and cluster size: 

𝑫

𝑹
= √𝟑𝑮 

Reuse distance vs distance between adjacent cell 
centers, cell radius and cluster size:  

𝑫𝟐 = 𝒅𝟐𝑰𝟐+𝒅𝟐𝑱𝟐 − 𝟐(𝒅𝑰 × 𝒅𝑱)𝒄𝒐𝒔 (𝟏𝟐𝟎º)

= 𝒅𝟐ቀ𝑰𝟐+𝑱𝟐 + (𝑰 × 𝑱)ቁ

= 𝟑𝑹𝟐ቀ𝑰𝟐+𝑱𝟐 + (𝑰 × 𝑱)ቁ 

Traffic intensity: 

𝑨 = 𝝀 ∙ 𝒉 

Traffic intensity: 

𝑨 = 𝝆 ∙ 𝑵 

Grade of service for ∞ sources LCC: 

𝑷 =

𝑨𝑵

𝑵!

∑
𝑨𝒙

𝒙!
𝑵
𝒙ୀ𝟎

 

Capacity of blocking system: 

𝑪 = 𝑨(𝟏 − 𝑷) 

Law of cosines: see above. 

 

 

 

 

 



 

 

Useful Trigonometry 

 

Law of cosines: 

𝒄𝟐 = 𝒂𝟐 + 𝒃𝟐 − 𝟐𝒂𝒃 ∙ 𝒄𝒐𝒔 (𝑪) 

𝒃𝟐 = 𝒂𝟐 + 𝒄𝟐 − 𝟐𝒂𝒄 ∙ 𝒄𝒐𝒔 (𝑩) 

𝒂𝟐 = 𝒃𝟐 + 𝒄𝟐 − 𝟐𝒃𝒄 ∙ 𝒄𝒐𝒔 (𝑨) 

 

Law of sines: 

𝒂

𝒔𝒊𝒏(𝑨)
=

𝒃

𝒔𝒊𝒏(𝑩)
=

𝒄

𝒔𝒊𝒏(𝑪)
 

 

 

 

Satellite Systems 

𝑭𝒈 = 𝒎 ∙ 𝒈 ∙ (𝑹/𝒓)𝟐 

𝒈 = 𝟗. 𝟖𝟏𝒎/𝒔𝟐 (gravitational acceleration) 

𝑹 = 𝟔𝟑𝟕𝟎 𝒌𝒎 (radius of the Earth) 

𝑭𝒄 = 𝒎 ∙ 𝒓 ∙ 𝝎𝟐 

 

𝑳 = ൬
𝟒 ∙ 𝝅 ∙ 𝒅 ∙ 𝒇

𝒄
൰

𝟐

 
𝑭𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕 𝑫𝒊𝒂𝒎𝒆𝒕𝒆𝒓 = 𝟐 × 𝜶 × 𝒉 

𝑮(𝟏𝒑𝒍𝒂𝒏𝒆) = 𝟐𝝅/(𝟐 × 𝜶) 
𝑨𝒆𝒇𝒇 = 𝜼 ∙ 𝑨𝒑𝒉𝒚 =

𝝀𝟐

𝟒𝝅
𝑮 

𝑷𝒓(𝒅𝑩𝒎) = 𝑷𝒕(𝒅𝑩𝒎) + 𝟏𝟎 ∙ 𝒍𝒐𝒈𝟏𝟎 ቆ
𝑮𝒕 ∙ 𝑮𝒓 ∙ 𝝀𝟐

(𝟒 ∙ 𝝅 ∙ 𝒅)𝟐
ቇ − 𝑨𝒕 



 

𝑷𝒓(𝒅𝑩𝒎) = 𝑷𝒕(𝒅𝑩𝒎) − 𝟏𝟎 ∙ 𝒍𝒐𝒈𝟏𝟎 ቆ
𝟒 ∙ 𝑭𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕

𝝅𝟐 ∙ 𝑨𝒆𝒇𝒇

ቇ − 𝑨𝒕 

 

𝑹

𝑹 + 𝒉
=

𝒔𝒊𝒏 (𝜶)

𝒔𝒊𝒏 ቀ𝜽 +
𝝅
𝟐

ቁ
= 

𝒔𝒊𝒏 ቀ
𝝅
𝟐

− 𝜷 − 𝜽ቁ

𝒔𝒊𝒏 ቀ𝜽 +
𝝅
𝟐

ቁ
=

𝒄𝒐𝒔 (𝜷 + 𝜽)

𝒄𝒐𝒔 (𝜽)
 

 

𝒅

𝑹 + 𝒉
=

𝒔𝒊𝒏 (𝜷)

𝒔𝒊𝒏 ቀ𝜽 +
𝝅
𝟐

ቁ
= 

=
𝒔𝒊 𝒏(𝜷)

𝒄𝒐 𝒔(𝜽)
 

𝒅 =
(𝑹 + 𝒉) ∙ 𝒔𝒊𝒏 (𝜷)

𝒄𝒐𝒔 (𝜽)
=

𝑹 ∙ 𝒔𝒊𝒏 (𝜷)

𝒔𝒊𝒏 (𝜶)
 

 

 

 

 

 


