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The exam consists of two parts. 15 of 30 points (minimum 5 on each part) are required to pass.

Part A (8.00 AM — 9.30 AM) Theory questions, 1 - 2 points each.
(15 p) Permitted aids: NONE

Part B Three problems, 5 points each.
(15 p) Permitted aids: Pocket calculator, course textbook, lecture slides

and a mathematical handbook (Tefyma, Beta or equivalent).

Print your name on ALL sheets. All assumptions have to be motivated.
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Part A
1. What are the advantages and disadvantages of using FSK, PSK and differential PSK (DPSK)? (2p)

2. Two types of fading have been discussed in the course. (2p)

(a) Which types of fading?

(b) Describe the physical background of the two types of fading.

(c) Give at least one example of statistical distribution used to model each type of fading.

3. TDMA, FDMA and CDMA are commonly used multiple access methods. Similarly, TDD and FDD are
commonly used duplexing methods. Why is not code division duplex (CDD) used? (2p)

4. In the GSM system, channel knowledge is needed for demodulation at the receiver. Explain how the
receiver obtains knowledge about the channel. (2p)

5. Explain antenna gain and EIRP. (2p)

6. Explain ISI, why it occurs, and how it can be mitigated. (2p)

7. Explain coherence bandwidth and coherence time. (2p)

8. To what is the matched filter matched? (1p)
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Part B
1. An operator wants to deploy a GSM system in a city with 100 000 inhabitants and an area of 1000 km2.
The operator believes that 18% of the inhabitants will use the system in the first year, and that every
user will generate 20 mErlangs of traffic during the busy hour. Each base station can accomodate eight
simultaneous connections, i.e., only one transceiver per base station is used, and blocked users do not
attempt to reconnect.

(a) Assume that each base station has a coverage range of 2 km. How many base stations are needed?
The cells have hexagonal shape. (2 p)

(b) What is the blocking probability? Assume that isotropically radiating antennas are used and that
the users are uniformely distributed over the area. (2 p)

(c) If the operator wishes to reduce the blocking probability to 1%, how many base stations are then
needed? (1 p)

2. Consider the downlink of a noise limited cellular system for mobile communications using a carrier fre-
quency of 900 MHz and a bandwidth of 200 kHz (see Figure 1). The environment is that of a medium-sized
city, and the large scale fading can be modelled as log-normal with a standard deviation of 6 dB. The cell
radius is 3 km, and the requirement for service availability is 95 % at the cell border.
The base station has a feeder cable with 3 dB loss and directional antennas with 10 dB antenna gains,

Lf,b = 3 dB Lf,m = 2 dB

Ga,b = 10 dB
Ga,m = 0 dB
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Fr = 5 dB
FLNA = 3.5 dB
GLNA = 10 dB
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Figure 1: Parameters for Problem 2.

and all base stations are 30 m high. Terminals are 1.5 m high and have antennas with 0 dB antenna gain.
The noise temperature of a terminal antenna is 1000 K. A low noise amplifier (LNA) with a noise factor
of 3.5 dB and 10 dB amplification is connected directly to the antenna output. Between the LNA and the
receiver there is a feeder cable with a loss of 2 dB. Finally, the receiver, which has a noise figure of 5 dB,
can demodulate the received carrier as long as the signal-to-noise ratio (SNR) is above 10 dB.

(a) Assuming that there is no fading, what is the minimum required transmit power at the base station?
Use the Okumura-Hata propagation model to calculate the path loss. (3 p)

(b) Assuming Rayleigh fading, what is the minimum transmit power at the base station to fulfill the
requirement on service availability? (1 p)

(c) Assuming both Rayleigh fading and log-normal fading, what is the minimum transmit power at the
base station to fulfill the requirement on service availability? For simplicity, the fading margins
calculated for the two types of fading may be added. (1 p)

3. When developing cellular systems for the future it is interesting to examine the performance of different
signal constellations. Here we are going to investigate a simple uncoded case where we compare system
performance when using 4PSK och 16PSK. As a measure of performance we will use the available number
of duplex channels per cell.

Given parameters:

• A cellular mobile telephony system with base stations placed in the center of each cell disposes a 5
MHz frequency band divided into duplex channels of 2×BC Hz, where BC is the bandwidth of each
(one way) channel.
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• The channel separation is 1.5 times greater than the 3 dB bandwidth of the modulation spectrum.
• In both cases (4PSK and 16PSK) rectangular Nyquist filtering and matched filter receivers are used.
• The data rate to the modulator is db = 20 kbit/sec.
• The system is interference limited and the uplink (mobile to base) is studied.

• The received (desired) signal is subjected to fast Rayligh fading and slow lognormal fading, where
σs = 4 dB.

• The interference can be approximated as a Gaussian noise with a constant short time power (i.e.
Rayleigh fading is neglected).

• We also neglect the slow variations in the power of the total interference signal, composed by the
signals from the 6 closest cochannel interferers (active simultaneously and placed at the cell boundary,
in the direction of the studied cell).

• The propagation exponent is n = 4.2.
• During a busy hour each subscriber generates on average 2 calls of 2.4 minute duration.
• The channels in each cell are used as an Erlang-B blocking system.

Demands:

• Acceptable quality is determined by an average bit-error rate P b = 2 · 10−2.
• Along the cell boundary, a 97% accessibility is required.

• Blocking limited to 2%.

(a) How many duplex channels are available for the whole system in the two cases (4PSK och 16PSK)? (1p)

(b) In which of the two cases (4PSK och 16PSK) do we have the larges number of available duplex
channels per cell, if the demands are to be fulfilled? (3p)

(c) We have compared performance for uncoded systems. Is it plausible that the same comparison can
give a different result (different ranking of 4PSK and 16PSK) if we also consider channel coding?
Motivate your answer! (1p)

Hint, problem 3:
The setup of problem 3 implies that we can calculate the bit-error probability by assuming ES/N0 = C/I.

In this context, the following equality may be of interest:Z ∞
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where a = 1, b = 1 for 4PSK, and a = 1/2, b = 0.075 for 16PSK. (Remember that ES = 2Eb for 4PSK and
ES = 4Eb for 16PSK!)


