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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) In a mobile network using CDMA with 4-symbol chip sequences, there are two mobile stations trying to transmit to 
a base station with keys S1= +1, +1, -1, +1, S2= +1, +1, +1, -1. The time of one bit corresponds to 4 chips and the 
keys of the stations are synchronized. Assume that the logical value “0” is represented by -1 and logic value “1” is 
represented by +1. The decoding thresholds are -1 and +1, respectively for logical “0” and logical “1”. The 
sequence that was received at the base station was the following: 0, 0, +3, -2, +2, 0, -2, +2.  

a) Assuming that the noise was too low to destroy the data, calculate which data bits were received from S1 and 
S2. (1,5 val) 

b) Quantify the noise. (1,5 val) 

c) Do the used keys present good characteristics regarding the mitigation of multipath fading? Suggestion: 
Calculate maximum delay spread (measured as chip intervals) that will be eliminated during reception, 
considering the transmission of a single station. (2,0 val) 

 

2) In a Wireless Sensor Network, the sensor nodes are equipped with radio transmitters that operate in the 868 MHz 
frequency band, using a 300 kHz wide RF channel. The sensor nodes perform temperature measurements and send 
them to a monitoring station nearby. The sensor nodes are very basic and have no battery. Instead, a small solar 
panel allows them to accumulate energy in a super-capacitor, just enough for the next packet transmission. The 
packet size is 10 bytes. The employed modulation is QPSK (roll-off factor is 𝒓 = 𝟎) and the transmit power is 1 
mW. The noise spectral density is -140 dBm/Hz. The receiver sensitivity is considered to be the received power at 
which a FER of 1% is attained without interference. Assume that both the sender and receiver antennas are 
isotropic and the deployment area is flat. Two-Ray propagation model is assumed with antenna height of 1 m. 

a) Assuming that there is no energy expenditure other than that due to the packet transmissions, calculate the 
power generated by the solar panel when the packet generation period is 6 seconds. (2,0 val) 

b) Calculate the receiver sensitivity. (2,0 val) 

c) Assuming that the sensor node is deployed at a distance from the base station about half of the maximum 
range, calculate the maximum tolerated interfering power in order to obtain the same performance achieved at 
maximum range without interference. (2,0) 

 

3) Consider a wireless technology operating in the 5 GHz frequency band, using MFSK (roll-off factor is 𝒓 = 𝟏) 
and FHSS (see the figure). The effective bandwidth is 20 MHz. 

a) Calculate 𝑻𝒄 and 𝑻𝒔. (1,5 val) 

b) Does the system employ slow of fast FHSS? Justify. (1,5 val) 

c) From the point of view of this technology, classify the channel with regard to multipath fading effects, 
when 𝑩𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 = 𝟏𝟎𝟎 𝑴𝑯𝒛 and 𝑻𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 = 𝟏𝝁𝒔. (1,0 val) 

d) What is the theoretical maximum bandwidth efficiency of the system, as achieved by the best possible 
modulation and coding techniques when the SNR is 10 dB? (1,0 val) 



 

 

4) Consider a MIPv6 system without optimizations or extensions, where the hop distances between the different 
entities are the following: CNHA=30; HACN=33; HAFA=70; FAHA=80; FAMN=7; MNFA=7; 
MNCN=90; CNMN=80. The CN wishes to establish a Skype telephony session with the MN. Assume that the 
TTL field of the IP headers is always initialized with 100. 

a) Is it possible to setup a Skype session between the CN and the MN? Justify. (2,0 val) 

b) In a simple MIP setting (no reverse tunneling), consider that the relevant entities have the following IPv4 
addresses: MN (193.154.3.10), HA (193.154.3.1), FA/CoA (195.137.10.2), CN (146.64.4.6). What are the 
source and destination IP addresses in IPv4 headers of packets exchanged between those entities, considering 
both inner and outer headers (when applicable)? Justify. (2,0 val) 

 

 

 

 

Propagation Models 

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) = ඨ

𝒏 ∙ 𝝀 ∙ 𝒅𝟏 ∙ 𝒅𝟐

𝒅𝟏 + 𝒅𝟐

 

Maximum Channel Capacity 

Shannon-Heartley 
Theorem 

𝑪 = 𝑩 ∙ 𝒍𝒐𝒈𝟐 ൬𝟏 +
𝑺

𝑵
൰ 

Nyquist Rate (applicable 
in baseband) 

𝑪 = 𝟐 ∙ 𝑩 ∙ 𝒍𝒐𝒈𝟐(𝑴) 

 

Modulation Performance (B) 

ASK 𝑩 = (𝟏 + 𝒓) ∙ 𝑹𝒃 

M-PSK 
𝑩 = ൬

𝟏 + 𝒓

𝒍𝒐𝒈𝟐(𝑴)
൰ ∙ 𝑹𝒃 

M-FSK 
𝑩 = ൬

(𝟏 + 𝒓) ∙ 𝑴

𝒍𝒐𝒈𝟐(𝑴)
൰ ∙ 𝑹𝒃 

 



 

Modulation Performance (BER) 

BASK 

𝑩𝑬𝑹𝑨𝑺𝑲 = 𝑸 ቌඨ
𝑬𝒃

𝑵𝟎

ቍ 

BFSK 

𝑩𝑬𝑹𝑩𝑭𝑺𝑲 = 𝑸 ቌඨ
𝑬𝒃

𝑵𝟎

ቍ 

DBPSK 
𝑩𝑬𝑹𝑫𝑩𝑷𝑺𝑲 = 𝟎. 𝟓 ∙ 𝒆

ି
𝑬𝒃
𝑵𝟎  

BPSK 

𝑩𝑬𝑹𝑩𝑷𝑺𝑲 = 𝑸 ቌඨ
𝟐 ∙ 𝑬𝒃

𝑵𝟎

ቍ 

QPSK 

𝑩𝑬𝑹𝑸𝑷𝑺𝑲 = 𝑸 ቌඨ
𝟐 ∙ 𝑬𝒃

𝑵𝟎

ቍ 

M-PSK 

𝑩𝑬𝑹𝑴𝑷𝑺𝑲 = 𝟐𝑸 ൮ඨ
𝟐 ∙ 𝑬𝒃

𝑵𝟎

∙ 𝒔𝒊𝒏 ቀ
𝝅

𝑴
ቁ൲ 

Q 
function 

𝑸(𝒌) = 𝑷(𝑿 > 𝝁 + 𝒌𝝈) =
𝟏

√𝟐𝝅
∫ 𝒆ି𝝀𝟐/𝟐𝒅𝝀

ାஶ

𝒌
  

 

Probabilities 

෍ 𝒊 ∙ (𝟏 − 𝒑)𝒊ି𝟏 ∙ 𝒑

ାஶ

𝒊ୀ𝟏

=
𝟏

𝒑
 

෍ 𝒊 ∙ (𝟏 − 𝒑)𝒊 ∙ 𝒑

ାஶ

𝒊ୀ𝟎

=
𝒑 − 𝟏

𝒑
 

 

 

 


