
Written Exam
Radio Systems - ETI051

Department of Electrical and Information Technology
Lund University

2007-11-17
8.00 AM - 1.00 PM

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

• Part A (8.00 AM - 9.30 AM)
Closed book questions, 1 - 2 points each. (max 15 p)
Permitted aids: NONE

• Part B (Hand in your Part A answers before starting.)
Open book problems, 5 points each. (max 15 p)
Permitted aids: Pocket calculator, course textbook (including printed copies of the on-line
appendices), lecture slides, and a mathematical handbook (Tefyma, Beta or equivalent).

Print your name on ALL sheets. All assumptions must be motivated.
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Part A
Closed book questions

1. Explain, in a few sentences, why it is beneficial to have a low-noise amplifier close to the
receiving antenna. (1 p)

2. The theoretical model for propagation over a ground plane leads to a much higher at-
tenuation than free-space propagation. Explain, briefly, the mechanism behind this extra
attenuation. (2 p)

3. The received signal variations caused by what we call small-scale and large-scale fading
differ in several ways. One difference is in their amplitude distributions, which often give
names to specific types of fading. Another is, as their names indicate, the spatial scale on
which they are strongly correlated. Explain the difference in spatial correlation between
small-scale and large-scale fading. (2 p)

4. Multipath components arriving at an antenna will experience different doppler shifts,
depending on the speed at which the antenna moves v and their respective angles of
arrival θi relative to the direction in which the antenna is moving. Assuming that the
carrier frequency is fc, what is the doppler shift of the ith multipath component? (2 p)

5. What is the principal difference between narrow-band and wide-band channel models? (1 p)

6. Describe, in a few words, the difference between MSK and GMSK modulation. (1 p)

7. Why is spectral efficiency [bit/s/Hz] important when designing wireless communication
systems? (1 p)

8. Name two different types of diversity and explain, briefly, how diversity gains are obtained
when exploiting each type. (2 p)

9. Small cluster-sizes in cellular systems lead to higher efficiency (in terms of available re-
sources per cell). Explain why, in a few sentences. (1 p)

10. Explain why orthogonal frequency-division multiplex (OFDM) leads to simplified equal-
ization, as compared to single-carrier transmission, and under which conditions this is
most beneficial (in terms of data rates and channel properties)? (2 p)
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Part B
Open book problems

1. A digital transmission system uses a rate R = 2/3 error-correction code. The encoder is
placed between a speech coder with an information data rate of di = 2.4 kbit/sec and an
8PSK PAM modulator.

(a) How many coded bits per second dc are transmitted over the channel? (1 p)

(b) How many modulation symbols per second ds are transmitted over the radio channel?
(1 p)

(c) Assume that the modulation basis pulses g(t) are sinc-shaped and chosen for zero
intersymbol interference (ISI), i.e., g(t) = sinc(t/Ts) where Ts is the symbol time.
How large a bandwidth is required to contain at 90% of the energy of the radio
(modulation) spectrum? (2 p)

(d) At a specified BER and under realistic assumptions about propagation conditions,
noise properties, etc., the coding gain of the R = 2/3 error-correction code is Gc =
5 dB. How does this influence the required transmit power, as compared to a reference
system without error-correction code? (1 p)

2. Our system designs often rely on some type of knowledge about the propagation conditions
in the environments where the systems are intended to operate. Basic parameters include
the propagation exponent η, the standard deviation of the lognormal (large-scale) fading
σs, and the amplitude distribution of the small-scale fading. Assume that we are analyzing
a cellular telephony system, based on FDMA and FDD. In our analysis we assume that
our deployed cellular systems in each environment experience homogenous propagation
conditions and user densities. The cell pattern is a regular hexagonal one and each cell has
a base station with an omni-directional (isotropic) antenna in the center. We assume that
all six first-tier interferers are active and that all transmitters use the same power. Answer
the following questions, by using appropriate expressions and derivations/calculations as
motivation:

(a) Measurements in the different environments where our cellular systems will be de-
ployed show that the propagation exponents vary in the range 4 ≤ η ≤ 5. Which η
is the most limiting one, in terms of leading to the least resources assigned to each
base station/cell? (1 p)

(b) The same measurements as above also show that the standard deviation of the log-
normal fading of the wanted signal vary in the range 4 dB ≤ σs ≤ 6 dB. The
large-scale fading on the sum of the interferers, however, seem to be small enough
to ignore. We want to obtain at least 90% boundary coverage in all environments.
How large a fading-margin Ms against large-scale fading is required? (1 p)

(c) 4PSK is selected as the modulation type in the digital transmission and the pulse
shaping is rectangular (in frequency), leading to a transmission bandwidth B [Hz]
equal to half the channel bitrate dc [bit/s], i.e., B = dc/2 [Hz]. To calculate a minimal
C/I, we assume that the small-scale fading characteristics is Rayleigh and that only
the wanted signal is small-scale fading. The required raw (un-coded) bit-error rate
(BER) is Pb = 10−2 for proper reception. We also assume that the interference is
dominating over the receiver noise, but has the same impact on the BER as noise of
the same power. What is the minimal C/I that we need to have proper reception? (2 p)
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(d) What cluster size do we need to fulfil all the above requirements in all environments
where we have measured/characterized the propagation conditions? (1 p)

3. When designing an OFDM system, there are several things to consider. Two important
design issues are (i) to have a cyclic prefix (CP) long enough to absorb the time dispersion
in the channel and (ii) to have few enough sub-carriers so that the frequency dispersion
in the channel does not cause too much inter-carrier interference (ICI). In this problem
we will perform a simple system design, based on a few assumptions:

• Our system is going to operate at a carrier frequency of fc = 2.4 GHz, with a
bandwidth of B = 20 MHz. The bandwidth implies that we select a system sampling
frequency of fs = 20 MHz.

• The system is intended for short-range communication and therefore we assume
that the worst case time dispersion is caused by a ∆d = 200 m difference in traveled
distance between the earliest and latest arriving (significant) multipath components.

• The worst case frequency dispersion is caused by a maximum terminal speed of
vmax = 10 m/s.

Using the above:

(a) Ignoring any extra time-dispersion caused by trasmitter/receiver filters, how many
samples L do we need in our CP? (1 p)

(b) Based on calculations not shown here, we have found that we need a sub-carrier
spacing of at least 20 times the maximal Doppler bandwidth not to violate our
requirements on a low ICI. What is the largest possible FFT size (i.e., number of
sub-channels) Nmax we can use in our system? (An integer power of 2 is needed for
efficient implementation.) (1 p)

(c) Using a large FFT size leads to large amplitude variations in the transmitted signal,
a situation which we know to be detrimental to battery life-time because of the power
inefficient linear amplifiers required. We would therefore like to make the FFT size
N as small as possible. Smaller FFTs, however, lead to larger SNR losses due to
the discarded CP samples in the receiver. Each transmitted OFDM symbol contains
N + L samples, but in the receiver we only use N when detecting data.

i. Derive an expression for the SNR loss measured in dB. (1 p)

ii. With the number of samples in the CP from (a), which FFT size N should we
use if we want it to be as small as possible, but not lead to more than 1 dB SNR
loss. (Again, an integer power of 2 is needed for efficient implementation.) (1 p)

(d) Compare the obtained CP length L and FFT size N with the parameters used in
the 54 Mb/s Wi-Fi systems for the 2.4 GHz band (IEEE 802.11g). Comment on any
similarities/differences. (1 p)


