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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. (1,0 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) Consider a Wireless Sensor Network (WSN) operating in a Log-distance path loss model environment, with 𝜶 = 𝟑 
and measured path loss of 50 dB measured at 1 m. All antennas are isotropic. 

a) Consider three nodes 𝑨, 𝑩 and 𝑪 in a WSN, forming a linear topology with 𝑨 located on the left, 𝑩 located d 
meters to the right of 𝑨, and 𝑪 located d meters to the right of 𝑩. Node 𝑨 wishes to transmit a message to node 
𝑪. Demonstrate mathematically that it is globally more power efficient to perform the multihop transmission 𝑨

𝒅
→ 𝑩

𝒅
→ 𝑪, in comparison with the single-hop transmission 𝑨

𝟐𝒅
ሱሮ 𝑪. Assume that energy is only consumed by 

transmission and that the received power corresponds to the receiver sensitivity in all cases. (1,5 val) 

b) Consider the linear topology 𝑫
𝟏𝟎𝟎𝒎
ር⎯⎯ሮ 𝑨

𝟏𝟎𝟎𝒎
ር⎯⎯ሮ 𝑩

𝟏𝟎𝟎𝒎
ር⎯⎯ሮ 𝑪. 𝑩 transmits to 𝑪, but 𝑨 transmits to 𝑫 at the same time. 

Both transmissions are performed at the minimum transmit power. The thermal noise spectral density is -
201 dBm/Hz. The receiver sensitivity is -80 dBm. Calculate the SINR at 𝑪, for a signal bandwidth of 2 MHz. 
(2,0 val) 

c) Under the conditions of b), calculate the FER for packets of 200 bytes, BPSK modulation and a roll-off factor 
of 0. In case you did not answer b), consider SINR=8.0 (linear units). (1,5 val) 

 

3) Consider an IEEE 802.11b network with WiFi telephones operating at 2.0 Mbps. The telephones are using a G.711 
codec at 64kbps with an inter-packet interval of 40ms. 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=16us, DIFS=34us, PHY overhead = 
96us, MAC DATA header and trailer = 34 bytes, MAC ACK=14 bytes, avg. Backoff =67us. The maximum 
number of frame retransmissions is 4.  

a) Calculate the maximum throughput that can be offered to voice applications by this WLAN, assuming that 
there are no frame losses. (2,5 val)  

b) What is the maximum number of WiFi telephones supported in the network? (1,5 val) 

c) 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. (2,0 val) 

 



 

4) Consider the chart below, which relates bandwidth efficiency and 
𝑬𝒃

𝑵𝟗
 for different signal encoding techniques, for a 

symbol error rate 𝑷𝑴 = 𝟏𝟎ି𝟓. In the chart, 𝑹 represents the achieved bitrate, 𝑾 represents the required bandwidth 
and 𝑪 represents the maximum bitrate capacity according to the Shannon-Heartley theorem. 

 

a) How much bandwidth is needed to achieve a bitrate of 12 Mbit/s with PSK at 
𝑬𝒃

𝑵𝟎
= 𝟏𝟖 dB? Note: round values 

to the closest integer. (1,5 val) 

b) Which SNR is needed to achieve 400 kbit/s with 
𝑬𝒃

𝑵𝟎
= 𝟐𝟎 dB and the best possible signal encoding technique? 

(1,5 val) 

c) What is the bit error rate achieved with 4-PSK (QPSK) when the symbol error rate is 𝑷𝑴 = 𝟏𝟎ି𝟓? Assume 
that bit errors are independent, and the probabilities of changing 1 for 0 and 0 for 1 are the same (BSC 
channel). Suggestion: take into account the number of bits per symbol. (1,5 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 

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
 

 

 


