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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 (2.00 PM — 3.30 PM) 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 (including copies of

appendices from Wiley), 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. We have discussed two theoretical models of propagation loss (free-space propagation and propagation
over a perfect ground plane, at large enough distance). Which values do the the propagation exponent
have in these two models? (1p)

2. Antenna gain is usually expressed in dBi or dBd. Explain these two measures and state the relation
between them (as an expression). (1p)

3. Describe the physical background to small-scale fading and name one statistical distribution used to model
it. (2p)

4. In a DS-CDMA system, a terminal is transmitting a data sequence at 500 kbit/sec, using a chip-rate of
2 Mchip/sec. How large is the spreading factor and what is the largest processing gain we can expect at
the receiver side de-spreading? (1p)

5. The system rate of standard GSM is 271 kbit/sec. Assume that communication is taking place over a
channel with a total excess delay (effective length of impulse response) of 10 µs. Determine the length of
the intersymbol interference measured in bit-times. (2p)

6. To conserve energy and batteries, it is common to select modulation types with low amplitude variations.
Two ways of obtaining this are non-linear constant envelope modulation, e.g., MSK, and linear modulation
with constellation rotation, e.g., 3π/8-PSK. Describe, in principle, why these two give low amplitude
variations. (2p)

7. Bit-error probability can, in principle, be lowered to a certain requirement by increasing the transmit
power. This is, however, not a very good way when we have fading channels. Describe the basic problem
and name the class of receiver (and transmitter) techniques used to overcome it (i.e., a collective name
for the fading countermeasures). (2p)

8. Linear equalizers sometimes suffer from, so called, noise enhancement. Describe the principle of noise
enhancement and name one equalizer type not suffering from it. (2p)

9. Many recent wireless communication systems providing high data-rates have adopted OFDM as the basis
for their physical layer. Explain the (technical) rationale behind this choice. (2p)
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Part B
1. A digital transmission system uses a (21,12) block code for error correction. This channel encoder is placed
between a source coder with an information data rate of 10 kbit/sec and a 4QAM modulation.

(a) What is the coded bit rate after the channel encoder? (1p)
(b) At what rate are the 4QAM symbols transmitted over the channel? (1p)
(c) Assume that the modulation basis pulses are root raised-cosine pulses, with roll-off 0.5. How large a

bandwidth is required to contain 99% of the energy of the radio (modulation) spectrum? (2p)
(d) To compensate for the "increased number of bits", due to coding, and conserve the bandwidth to

something similar to what we would have had without coding, we would like to change the modulation
to something else. Propose a different modulation and give a simple explanation of why it is a suitable
choice. (1p)

2. In this problem we are going to discuss some properties of cellular systems. To do this, we assume that our
cellular system operates at 900 MHz and its requirement on signal quality is (C/I)min = 12 dB (averaged
over the small scale fading). All mobile terminals are assumed to be at heights between 1.3 and 5 m, while
base station heights can be between 5 and 100 m. Propagation loss is assumed to follow the Okumura-
Hata model (see Appendix 7 of the book or the last page of this exam). The large-scale fading follows a
log-normal distribution with σ = 6 dB. Further, we assume that our system is homogenous in the sense
that the user distribution (users per unit area) is constant and the average behaviour of users (number of
calls and length of calls) is constant. The cellular structure is a regular hexagonal one with base stations,
using omni-directional antennas, located at the center of each cell. The multiple access technology used
is FDMA.

(a) Assume that that both the wanted signal and the total interference signal (from the 6 co-channel
interferers) signal experience large-scale fading with the same σ, but they are independent. How
large a fading margin is needed to obtain an accessibility of 97% on the cell boundary? (1p)

(b) The performance of cellular systems depends on a number of different parameters, such as cod-
ing/modulation, multiple access technique, propagation characteristics etc. In the simple system
design technique we have used in this course, the propagation loss is only accounted for as a propa-
gation exponent. (2p)

i. Derive a formula for the propagation exponent from the Okumura-Hata model, and
ii. describe in what range of values we can expect the propagation exponent to be (give the descrip-
tion above) and for which parameters these extreme values are obtained.

(c) Knowing that the propagation exponent can change and that it affects the performance of a system,
discuss how it influences (2p)

i. the possible number of users per cell (i.e., the capacity of a cell) and
ii. the maximum cell size (radius), if we take noise limitation and limited transmit power into
account.

3. A mobile radio link, subjected to Rayleigh fading, is carrying an information data-rate of 10 kbit/sec.
The specified quality is expressed as an average bit-error probability of 10−4. The noise temperature of
the receiver system is 1000 Kelvin (the noise source placed at the receiver input) and 2ASK is used.

(a) What signal strength (average power) is required at the receiver input, if no countermeasures are
used against the fading? (2p)

(b) To improve the system, two antennas and RSSI selection diversity is employed. The distance between
the antennas is chosen so that their fading is uncorrelated. How large is the diversity gain and what
is the required signal strength (average power) at the receiver input? (2p)

(c) Instead of selection diversity, the system is improved by the use of channel coding. The code employed
is a (23,12) Golay code with dmin = 7. Interleaving is also introduced, with a depth sufficient to
make the errors at the decoder input appear uncorrelated. What coding gain is obtained and what
is the required signal strength (average power) at the receiver input? (2p)

(d) The diversity arrangement in b) and the channel coding in c) is combined. How large is the total
(selection diversity and coding) gain and what is the required signal strength (average power)? (2p)
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The Okumura-Hata Model

The propagation loss (in dB) between a base station and a mobile terminal is modeled as

L = A+B log10(d) + C

where A,B, and C are factors that depend on frequency and antenna heights, while d is the distance in km.
The equations read

A = 69.55 + 26.16 log10(f0)− 13.82 log10(hb)− a(hm) (1)

B = 44.9− 6.55 log10(hb) (2)

where f0 is given in MHz and d in km. The function a(hm) and the factor C depend on the surroundings:

• small and medium-size cities:

a(hm) = (1.1 log10(f0)− 0.7)hm − (1.56 log10(f0)− 0.8) (3)

C = 0 (4)

• metropolitan areas

a(hm) =

½
8.29([log10(1.54hm)]

2 − 1.1 for f ≤ 200 MHz
3.2 [log10(11.75hm)]

2 − 4.97 for f ≥ 400 MHz
(5)

C = 0 (6)

• suburban environments
C = −2[log(f0/28)]2 − 5.4 (7)

• rural area
C = −4.78[log(f0)]2 + 18.33 log(f0)− 40.94 (8)

The function a(hm) in suburban and rural areas is the same as for urban (small and medium-sized cities)
areas.

Table 1 gives the parameter range in which the model is valid. It is noteworthy that the parameter range
does not encompass the 1800MHz frequency range most commonly used for second-and third generation cellular
systems.

carrier frequency f0 150...1500MHz
effective BS-antenna height hb 30...200m
effective MS-antenna height hm 1...10m
distance d 1...20km

Table 1: Range of validity for the Okumura-Hata model.


