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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. Describe briefly the following terms, related to wireless channels, and give an example each of their
practical importance (2p)

(a) PDP (power-delay profile)

(b) Doppler spectrum

(c) LOS (Line-of-sight)

(d) Propagation exponent

2. Describe briefly how and which properties of the basis pulse in PAM (pulse amplitude modulation) influ-
ence the power spectral density of the transmitted radio signal. Assume that the transmitted symbols are
independent. (2p)

3. Many of the popular modulation techniques used in wireless systems have a constant envelope, such as
PSK (phase-shift keying), FSK (frequency-shift keying), and variations thereof. Describe the constant
envelope property and explain why this makes these schemes popular in wireless systems. (1p)

4. To obtain better performance in wireless systems, we can use different types of diversity techniques. (2p)

(a) What is the basic principle behind the diversity techniques?

(b) Explain briefly why performance can be increased by using two spatially separated antennas and
diversity reception.

5. Decision-feedback equalizers may suffer from error-propagation. Explain why of error propagation hap-
pens.

6. Describe the union bound and why it is sometimes used when calculating detector performance. (2p)

7. Concerning CDMA systems: (2p)

(a) Describe why it is possible to use cluster size 1 in a CDMA-based cellular system.

(b) Explain the term soft handower in the context of CDMA systems.

8. Describe the basic principle of a rake receiver and how it can exploit the frequency diversity of the channel. (2p)

9. When discussing the spectral efficiency of a radio link, we use the measure bits/sec/Hz. For most practical
modulation schemes, these numbers have to be given under certain conditions, such as contained percentage
of total energy in the considered bandwidth. For practical reasons, the contained percentage of total energy
has to be strictly less than 100% to achieve meaningful spectral efficiencies. Explain why! (2p)
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Part B
1. We are analyzing a radio communication system with the following properties. A base station (BS)
antenna is placed at an elevation of 150 m and communication is taking place in a large-city environment
at 900 MHz. The BS is communicationg with a mobile station (MS) whose antenna is at elevation 5 m.
The distance between the BS and the MS is 5 km and both are equipped with λ/2-dipole antennas. We are
going to focus on the down link, from BS to MS. The noise temperature of the MS antenna is estimated to
1000 K. A low-noise amplifier (LNA) with noise figure 3.8 dB and 10 dB gain is placed directly after the
antenna. After the LNA, there is a feeder connecting the LNA to the rest of the receiver. The feeder has
a 3 dB attenuation and the rest of the receiver has a noise figure of 5 dB. The data rate is 271 kbit/sec
and the required (minimal) Eb/N0 is 10 dB. Due to fading, a 12 dB fading margin is required. The fading
margin is given relative to the median propagation loss (50% of the area and 50% of the time).
Select a suitable (narrowband) propagation model and determine the required input power to the BS
antenna. Motivate your choice of propagation model! (5 p)

2. Assume that we have a receiving system operating in a Rayleigh-fading environment.The receiving system
has access to K antennas with independent fading. The system uses RSSI-selection to connect the antena
with the best instantaneous SNR to the receiver. Assuming that the instantaneous received power from
antenna k is Ck and that N0 is fixed, then the instantaneous C/N0 after RSSI selection is Cmax/N0, where
Cmax = maxk=1..K Ck. Assume that we require that the SNR to the receiver is below (C/N0)min only
with probability p0 (the outage probability). Using the fact that a Rayleigh-fading environment leads to
an exponential distribution of received power, pdf (C) = exp

¡
−C/C

¢
/C, where C is the average received

power, perform the following calculations:

(a) Derive an expression for the required C/N0, as a function of (C/N0)min and p0, when only one
antenna is used. (1 p)

(b) Derive an expression for the required C/N0,as a function of N , (C/N0)min and p0, when K antennas
and RSSI-selection are used. (2 p)

(c) Defining the diversity gain as the reduction in required C/N0 (in dB) when going from one to K
antennas, use the results from (a) and (b) to derive a general expression for the diversity gain of K
antennas, depending only on K and p0. (2 p)
Hint: The cumulative distribution function of the maximum xmax = maxi=1..K (xi) ofK independent
and indentically distributed stochastic variables xi is given as cdf (xmax) = (cdf (xi))

K .

3. In a digital radio link we use 8PSK modulation and maximum-likelihood detection of the received symbols.
The bandwidth of the radio signal is measured as the symbol rate (1 symbol/sec = 1 Hz bandwidth). The
information rate to be transmitted is 10 kbit/sec and a BER of 10−4 is required. To make the calculations
simple, we assume that there is no fading and we therefore have an additive white Gaussian noise channel.

(a) Determine the required C/N0 at the receiver input, if no channel coding is used. (1 p)

(b) Determine the required C/N0 at the receiver input, if a rate R = 1/2 convolutional code with coding
gain 6 dB (at BER=10−4) is used. The modulation scheme is kept as 8PSK. (1 p)

(c) What is the bandwidth of the radio signal in the two cases (a) and (b)? (1 p)

(d) Now, let’s consider a more general case, where we use a channel coding scheme of rate Rc and coding
gain Gc (again at BER=10−4) in the downlink of a regular hexagonal cellular system with cluster
size Ncl. The environment has a propagation exponent of n and coding is introduced in the same way
as between (a) and (b), i.e. without changing the modulation type. For the downlink, we assume
that we can use the approximation µ

C

I

¶
≈
1

6

µ
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R

¶n
in our calculations of the carrier-to-interference ratio.
Use simple calculations to derive an approximate expression for the required coding gain Gc of the
code, as a function of the code rate Rc, and the propagation exponent n, in order not to decrease
the spectral efficiency (bits/sec/Hz/km2) of the system when coding is introduced. (2 p)
Hint: Approximations leading to tractable calculations may be
i) assume that the system is interference limited, i.e. disregard the noise
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ii) treat the co-channel interference as additive Gaussian noise
iii) disregard that only certain cluster sizes are possible and use D/R =

√
3Ncl without restrictions


