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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 sequence of bits “10” as +1, +1, -1, -1, -1, -1, +1, +1. Station B is 
simultaneously transmitting a bit with value “0” using key +1, +1, +1, +1, -1, -1, -1, -1. The constellation 
diagram of the used modulation is represented on the right. The decoding thresholds are -2 and +2, 
respectively for logical “0” and logical “1”.  

a) Which spreading factor is being used by each station? (1,0 val) 

b) Which modulation is being employed? (1,0 val) 

c) Assuming that the coding sequences are perfectly synchronized at the base station and that the reception is 
affected by noise with pattern +2, 0, +1, 0, 0, -1, 0, 0, verify if the transmissions from A and B are correctly 
received. Present all calculations. (1,5 val) 

d) Is the orthogonality relationship kept between the keys of A and B if the signal from B is delayed by two chip 
time intervals? Justify. (1,5 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 corresponds to the received power that leads to an FER of 1% 
for 20-byte frames. The roll-off factor of the employed output filters is 0. 

a) Calculate the receiver sensitivity of the 8-PSK modulation. (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 range for a receiver sensitivity of -74 dBm (1,5 val) 

c) Compare the bit error rate performance of BPSK and QPSK when the received signal power is the same. 
Justify. (1,0 val) 

d) What is the theoretical bandwidth efficiency limit when the received signal power is -74 dBm? (1,0 val) 

3) Consider the OFDM implementation in the IEEE 802.11a standard. The channel bandwidth is 20 MHz and the 
subcarrier spacing is 312.5 kHz. A total of 48 subcarriers are used for data transmission, 4 subcarriers are used as 
pilot (i.e., channel estimation) channels and 12 null subcarriers are used as guard band. The cyclic prefix is 0.8 μs. 

a) Calculate the OFDM baud rate (i.e., symbol rate). (1,5 val) 

b) Assuming that the modulation in each subcarrier is QPSK, calculate the bit rate and compare it with a single 
carrier technology using the same bandwidth (note that the the guard bands are the same, while all 52 traffic 
subcarriers are grouped in a single channel). Justify. Note: Assume that the roll-off factor is 0. (1,5 val) 

c) Explain how OFDM can be used to counter the problem of Inter-Symbol Interference (ISI). (1,0 val) 

d) OFDM signals tend to present a high Peak-To-Average Power Ratio (PAPR). Explain this problem with 
reference to the characteristics of power amplifiers. (1,0 val) 

 

4) Consider an IEEE 802.11g WLAN operating at 54.0 Mbps. One user station is accessing a Web server in the 
Internet. The length of the TCP data message payload in the downlink is 2000 bytes. For each 5 downlink packets, 
TCP sends an ACK packet in the uplink, with length 20 bytes (this corresponds to a TCP header). The size of the IP 
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header is 20 bytes and the size of the LLC/SNAP header is 8 bytes. The RTS/CTS handshake is not being used. 
Additional parameters are as follows: SIFS=10us, DIFS=28us, PLCP frame overhead = 52us, MAC DATA header 
and trailer = 34 bytes, MAC ACK=14 bytes, avg. Backoff =67us, MAC ACK timeout = 28us.  

a) Calculate the maximum downlink throughput for the described scenario, assuming that there are no frame 
losses. (2,0 val) 

b) What is the function of LLC header when the unacknowledged connectionless service is considered? (1,0 val) 

c) The remote server is located in a remote WLAN. The complete scenario is depicted below. The PHY frame 
error rate for data packets is 10% in each WLAN. Assume that MAC ACK frames are never lost. Assuming 
that TCP has no retry limit for end-to-end message recovery, calculate the average number of TCP retries until 
successful end-to-end transmission of a message for the following two situations: (1) No retries possible at the 
MAC layer; (2) Retry limit of 4 at the MAC layer. Assume that there are no losses inside the Internet and that 
each TCP DATA messages triggers a TCP ACK response. Hint: Successful end-to-end transmission of a 
packet requires that transmission is successful in both WLANs. Packet loss in a WLAN requires all 
transmission attempts to fail. (2,0 val) 

 

 

 

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 

User Terminal 
in WLAN1

Internet

Server in WLAN2



 

 

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
 

 

 

 


