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S-72.3210 Channel modeling for radio communication 

systems 

Exam 31.10.2006  

 
1. In a fixed radio link exists a refraction situation depicted in Fig.1 with 

two layers with the boundary between them at the antennas. The ray in 

the lower layer propagates along a straight line and in the upper super-

refractive layer along circles with a radius less than oR h . 

a. Define the conditions the vertical refractivity in the two layers must 

fulfill in this propagation situation.  

b. For which path length d the received rays have opposite phases at the 

receiver antenna, when the carrier frequency is 6 GHz and the upper 

ray just runs at the border between the layers where tha refractivity is 

the same as in the lower layer. 

 Hint. Derive the actual path length difference using the true ray path 

geometry and approximate the result by using the Taylor serues 
3sin( ) 3!x x x +… and oh R . 

 

SOLUTION 

a) In the lower layer 
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 In the upper layer 
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b) As the refractivity is constant along both ray paths, it is 

sufficient to determine the geometric path length difference 

and put it equal to half a wavelength (0.05 m) 
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2. The excess loss due to diffraction over a knife edge obstacle being 10 

m above the line-of-sight on a 10 km path at 3 GHz is considered. 

a) Show that the minimum excess loss is obtained when the obstacle is at 

the middle of the path.  

b)  How many dB does this excess diffraction loss change if the obstacle 

is located 1 km from the receiver instead of being at the middle of the 

path?  

 

SOLUTION 

a)  The excess loss is an increasing function of the parameter 
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, the extreme value is a maximum, gets its 

minimum value as does the excess diffraction loss when the obstacle is 

in the middle of the path. 

 

b) When  = 0.5, 
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When  = 0.1, 
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3. The delay power spectrum of a radio channel is 

( ) exp u( )oP
P , where u( )  is the unit step function.  

a)  Determine the delay spread and coherence bandwidth of the channel 

as these are defined as the interval over which respective absolute-

valued spectrum falls 20 dB under its maximum value. 

  exp u( )
1 2

F
j f

 

b) If the coherence bandwidth is defined as 1/delay spread in task a, how 

many dB has the absolute value of  the frequency correlation function 

fallen below its maximum value at this frequency difference?  

 

SOLUTION 

a)  
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4. What is the maximum bandwidth of an ideal bandpass signal that it 

could be considered to be a narrow-band signal in the equalizer test 

channel model in GSM. This model has 6 taps of equal average 

strength at 0, 3.2, 6.4, 9.6, 12.8, and 16.0 s. The required signal to 

error signal ratio is 20 dB.  

 

SOLUTION 
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5. Calculate the average path loss on a 2 km path on 2.1 GHz with worsts 

street orientation using the COST237 Walfisch Ikegami model with 

the following parameters: average roof height 20 m, base station 

antenna height 35 m, street width 20 m, average building spacing 

100m, and mobile station antenna height 1.5m. 

 

SOLUTION 
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6. Which receiver antenna height will give a field strength equal to the 

free space value on an over-land 30 km path at 600 MHz according to 

the ITU-R Rec. P1546. The transmitter antenna height is 300 m and 

the path is in rural environment.  

 

 

20

htx = 10 m

0

100

60

80

20 m

37.5 m

75 m

150 m

300 m

600 m

1200 m

80

free space propagation

60

40

20

1 10 100 1000

40

distance/km

Received field strength at 600 MHz over land paths as function 
of distance for different transmitter antenna heights exceeded
50% of time. Receiver antenna height 10 m (equal to represen-
tative height of ground cover)

F
ie

ld
 s

tr
en

g
th

 i
n

 d
B

V
/m

 f
o
r 

1
 k

W
 e

.r
.p

.

ITU_prop_models.dsf

60.1

77.6

 



 10 
From the graph can be seen that the free space field is 77.8 dB V/m, 

and the field with 10 m receiver antenna height is 60.1 dB V/m. 

 

Thus a receiver antenna height giving 77.8 – 60.1 = 17.7 dB higher field 

strength is the largest appropriate value as that gives the free space field 

which cannot be exceeded. 

 

The increase of field strength vs. receiver antenna height is given by 
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