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as possible. 

1) In a mobile network using CDMA, there are two mobile stations (A and B) trying to transmit to a common 
base station. Station A is transmitting the bit sequence “01” with spreading factor 4, using key -1, -1, +1, +1. 
Station B is transmitting simultaneously a single bit “1” with spreading factor 8. The chip rate is the same for 
both stations. The used convention is to represent “0” as +1 and “1” as -1. The decoding thresholds are +1 
and -1, respectively for logical “0” and logical “1”. 

a) Which of the following keys should be used by station B: +1, -1, +1, -1, -1, +1, -1, +1 or +1, +1, -1, -1, 
+1, +1, -1, -1? (1,5 val) 

b) Check if the data from station A is correctly received if station B is using the key -1, +1, +1, -1, -1, +1, 
+1, -1, the noise is +2, -1, 0, 0, +1, 0, 0, 0 and the signals are received with the same power. (1,5 val) 

c) Provide two advantages of pseudo-noise sequences over perfectly orthogonal codes in the context of 
DSSS. (2,0 val) 

2) Consider a point-to-point UHF radio link operating in a 10 MHz wide channel centered at 1 GHz, with 8-PSK 
modulation. Each communication endpoint is equipped with a parabolic antenna with physical area 11m2, 
mounted on a mast 5m high. The terrain is flat between the antennas. The noise power spectral density is -
170 dBm/Hz. The transmit power is 500 mW. The receiver sensitivity is -77,85 dBm. The roll-off factor of the 
employed output filters is 0. 

a) Calculate the FER for 30-byte frames when the received power is equal to the receiver sensitivity. (1,5 
val) 

b) Knowing that the effective aperture (𝑨𝒆) of a parabolic antenna is related to its face area (𝑨) as 𝑨𝒆 =
𝟎. 𝟓𝟔𝑨, calculate the maximum communication range (1,5 val) 

c) Draw the constellation diagram of the 8-PSK modulation. (1,0 val) 

d) What is the bandwidth efficiency attained by the system when using the 8-PSK modulation? (1,0 val) 

3) Consider an IEEE 802.11a sensor network with one Access Point and micro cameras operating at 54.0 Mbps. Each 

camera generates video with an expected image size of 2000 bytes, and a frame rate of 25 images/s . The 

RTP+UDP+IP headers together have a length of 40 octets and RTS/CTS is not being used. Additional data are as 

follows: SIFS=10us, DIFS=20us, PHY overhead = 54us, MAC DATA header and trailer = 34 bytes, MAC 

ACK=14 bytes, avg. Backoff =100us, maximum MPDU payload size (fragmentation threshold) is 1500 bytes. The 

maximum number of frame retransmissions is 7.  

a) Calculate the total duration of the transaction of one image, including overheads, assuming that there are no 

frame losses. (2,0 val)  

b) What is the maximum number of micro cameras supported in the network? (1,0 val)  

c) What is the total video throughput of the ensemble of micro cameras calculated in b)? (1,0 val) 

d) Calculate the effective DATA frame loss rate at the MAC layer, considering that the physical frame loss rate is 

3% and assuming that ACK frame losses are negligible. (1,0 val)  

 

 



 

4) Consider the IPv4 network represented in the picture below, as well as the routing tables of each router and 
host. 

a) What is the path followed by a packet transmitted by H1 towards H2? Justify. (2,0 val) 

b) Traffic generated by a host destined to an address outside the subnet where it is attached must be 
transmitted through a router attached to the host’s subnet. Which protocol allows a host to find routers 
in the subnet where it is located? (1,0 val) 

c) Explain the function of the ICMP redirect message. (1,0 val) 

d) Explain how an IPv6 station can avoid bypass the DHCP to obtain a link-local IPv6 address. (1,0 val) 
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Propagation Models 

Antenna Apperture 
and Gain 𝑨𝒆𝒇𝒇 = 𝜼 ∙ 𝑨𝒑𝒉𝒚 =

𝝀𝟐

𝟒𝝅
𝑮 

Log-distance Model 𝑷𝒓 [𝒅𝑩𝒎] = 𝑷𝒕 [𝒅𝑩𝒎]
− 𝑷𝑳𝟎

+ 𝑮𝒕 [𝒅𝑩𝒊]
+ 𝑮𝒓 [𝒅𝑩𝒊]
− 𝟏𝟎 ∙ 𝜶
∙ 𝒍𝒐𝒈𝟏𝟎 (𝒅
/𝒅𝟎 ) 

Friis Free Space 
Model 𝑷𝒓 = 𝑷𝒕 ∙

𝑮𝒕 ∙ 𝑮𝒓 ∙ 𝝀𝟐

(𝟒 ∙ 𝝅 ∙ 𝒅)𝟐
 

Two-Ray Model 
𝑷𝒓 = 𝑷𝒕 ∙

𝑮𝒕 ∙ 𝑮𝒓 ∙ (𝒉𝒕 ∙ 𝒉𝒓)𝟐

𝒅𝟒
 

𝒅𝒄 =
𝟒 ∙ 𝝅 ∙ 𝒉𝒕 ∙ 𝒉𝒓

𝝀
 

Fresnel Zone Radius 

𝒓(𝑭𝒏) = √
𝒏 ∙ 𝝀 ∙ 𝒅𝟏 ∙ 𝒅𝟐

𝒅𝟏 + 𝒅𝟐

 

 

 

Maximum Channel Capacity 

Shannon-Heartley 
Theorem 

𝑪 = 𝑩 ∙ 𝒍𝒐𝒈𝟐 (𝟏 +
𝑺

𝑵
) 

Nyquist Rate (applicable 
in baseband) 

𝑪 = 𝟐 ∙ 𝑩 ∙ 𝒍𝒐𝒈𝟐(𝑴) 

 

 

Modulation Performance (B) 

ASK 𝑩 = (𝟏 + 𝒓) ∙ 𝑹𝒃 

M-PSK 
𝑩 = (

𝟏 + 𝒓

𝒍𝒐𝒈𝟐(𝑴)
) ∙ 𝑹𝒃 

M-FSK 
𝑩 = (

(𝟏 + 𝒓) ∙ 𝑴

𝒍𝒐𝒈𝟐(𝑴)
) ∙ 𝑹𝒃 

 

Modulation Performance (BER) 



 

BASK 

𝑩𝑬𝑹𝑨𝑺𝑲 = 𝑸 (√
𝑬𝒃

𝑵𝟎

) 

BFSK 

𝑩𝑬𝑹𝑩𝑭𝑺𝑲 = 𝑸 (√
𝑬𝒃

𝑵𝟎

) 

DBPSK 
𝑩𝑬𝑹𝑫𝑩𝑷𝑺𝑲 = 𝟎. 𝟓 ∙ 𝒆

−
𝑬𝒃
𝑵𝟎 

BPSK 

𝑩𝑬𝑹𝑩𝑷𝑺𝑲 = 𝑸 (√
𝟐 ∙ 𝑬𝒃

𝑵𝟎

) 

QPSK 

𝑩𝑬𝑹𝑸𝑷𝑺𝑲 = 𝑸 (√
𝟐 ∙ 𝑬𝒃

𝑵𝟎

) 

M-PSK 

𝑩𝑬𝑹𝑴𝑷𝑺𝑲 = 𝟐𝑸 (√
𝟐 ∙ 𝑬𝒃

𝑵𝟎

∙ 𝒔𝒊𝒏 (
𝝅

𝑴
)) 

Q function 𝑸(𝒌) = 𝑷(𝑿 > 𝝁 + 𝒌𝝈) =
𝟏

√𝟐𝝅
∫ 𝒆−𝝀𝟐/𝟐𝒅𝝀

+∞

𝒌
  

 

Probabilities 

∑ 𝒊 ∙ (𝟏 − 𝒑)𝒊−𝟏 ∙ 𝒑

+∞

𝒊=𝟏

=
𝟏

𝒑
 

∑ 𝒊 ∙ (𝟏 − 𝒑)𝒊 ∙ 𝒑

+∞

𝒊=𝟎

=
𝒑 − 𝟏

𝒑
 

 
 

 


