
Sistemi di Comunicazione (prof.U.Spagnolini) Prova 26 Febbraio 2010

Quick translation is only to ease foreign-language students, make always reference to italian’s text in
any case

Domanda di ammissione (obbligatoria) (foglio azzurro con nome)

Noise n(t) has power 3dBm and power spectral density Sn(f) up to 10MHz as in figure below. Evaluate the power
(in dBm) after filtering with high-pass filter with cut-off frequency flow = 7.5MHz.
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Progetto (foglio bianco - 26 punti)

In cellular system users are connected to base station (RB) with some users re-using the same frequency interfering
with in-cell users. Here we evaluate the least favourable link Tx to RB (up-link) in presence of one interferer as in
fig.(Part2) for hexagonal cells size d = 3km.

Iinterferente

Tx

Stazione Radio Base (RB)

A

B

Stazione Radio Base (RB)

Parte 1 Parte 2

All the links have the same specifications (except power): QPSK modulation roll-off α = 25%, Rb = 3Mb/s, error
probability as follows from transmision of PCM signals quantized at 8bit/sample, carrier fc = 1GHz, antenna at mobile
(Tx) with gain GT =4dB, receiving antenna gain (at RB) GR = 12dB, equivalent noise temperature at antenna
Tant = 400K. The receiving equipment: first amplifier G1 = 6dB e noise factorF1 = 8dB, second stage gain G2 = 30dB
and F2 = 10dB (recall that noise factor is referred to T0 = 290K, with KT0 = −173dBm/Hz.

Parte 1:
1) Block diagram of TX and RB, calculate spectral bandwidth at carrier frequency.
2) Evaluate power spectral density of noise at the receiver

1



3) Assume that there are NO interferers (as in Part 1 of figure), evaluate the min transmission power at points A e
B in figure as PT−A and PT−B.

Parte 2:
Refer to Part 2 of figure now with interferer Iinterferente that trasmit at power PT−B in position indicated.
4) Illustrate that the scenario is the least favourable for interrefence in link Tx→RB
5) Calculate the error prob. Pb(E) by accounting also for interference.

Since performance are degraded by interference, compare the two solutions:
6) Assume that BCH coding is used with (n, k, d) = (15, 7, 5), evaluate the error probability when using an hard-

decoder.
7) Assume to use a spread spectrum for all terminals, evaluate the spectrum expansion factor to comply with

specifications even in presence of interference.

Domande (fogli gialli/rosa - 16 punti) indicare sul foglio la domanda a cui si sta’ rispondendo, si riporti breve-

mente (max 1 pagina) il procedimento e si evidenzi il risultato finale.

D1-giallo. punti: 4)
Packet transmission with packet size N = 100bit and ARQ (even for just 1 error/packet). The transmitter’s battery

has max capacityETot =1000Joule, the bit error probability Pb(E) = 10
−2 and the energy spent to transmit one bit is

E1 = 100pJ , the required (net) rate for the information bits is Rb = 100kb/s:
a) Illustate the system
b) Calculate the packet error probability
c) How many information bits can you send and for how long before the system runs out of battery capacity.

D2-giallo. punti: 5)
Communication system with 64QAM and Rb = 2Mb/s has Pb(E) ≤ 10−3 using PT = 20dBm.
The link is now affected by rayleigh fading caused by multipath, we need to have an outage of 1msec every 1sec of

operation:
a) Calculate the new transmission power PT in this case.
b) For space diversity with 4 antennas at receiver, calculate the new transmission power PT in this case and give the

schematics of TX and RX.
c) For frequency diversity over 4 independent fequency calculate the new transmission power PT in this case and

give the schematics of TX and RX.
d) Assume that for case (a1) the Tx can choose to use BPSK by preserving the RF bandwisth: evaluate the new Rb

and the new transmission power PT in this case.

D3-rosa. punti: 2)
Discuss shortly (max 1page) what is the intermodulation in power amplifier and illustrate the consequences for an

FDM communication system

D4-rosa. punti: 4)
For transmission of Rb = 50Mb/s and Es/N0 = 12dB we use the constellation in figure, define a mapping and

calculate the error probability.
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Si ricorda l’approssimazione log10Q(x) ' −1.04− 0.22x2 riportata anche in figura (linea tratteggiata).
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