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Abstract — Two important statistical properties 

associated with TETRA channel fading level have been 
calculated using suggested calculation schemes. These 
are the level crossing rate (LCR) and the average fade 
duration (AFD). The suggested calculation schemes are 
aimed to assist practicing engineers and researchers in 
the calculation of LCR and AFD for measured wireless 
signal that follows any distribution. A comparison of 
measured signal LCR and AFD curves with similar 
Nakgami curves has been performed. The comparison 
illustrates that most of the selected route parts have a 
dominant direct wave path within a range of 2.5km from 
the base station whereas, the over all fade distribution 
could be considered as Rayleigh fading distribution.  
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I. INTRODUCTION 

 
In the propagation environment of digital mobile 
communication, the signal received by the mobile may 
consist of a large number of multipath components due to 
reflection, diffraction and scattering between the transmitter 
and the receiver. The randomly distributed phase, 
amplitudes, and angles of arrival of multipath components 
combine at the receiver give a resultant signal strength 
which can change rapid over a small travel distance or time 
interval and named fast fading. When there is no line of 
sight (NLOS) component between mobile station(MS) and 
base station (BS), received signal consist of reflection and 
scattering wave from different directions and follows 
Rayleigh distribution. When there is a dominant stationary 
signal component present, the small-scale fading envelop 
distribution is Rician. The power ration between LOS and 
NLOS can be obtained by estimating Rician K- factor or 
Nakagami m parameters [2]. The system performance 
changes rapidly when the signal falls below some noise-
related threshold and this causes bursts of errors to occur 
[3]. The rates of occurrence and average length of these 
error bursts can be estimated from the level crossing rate 
(LCR) and average fade duration (AFD) of the received 
signal strength.  
 
The LCR is defined as the rate at which the envelope 
(received signal strength) crosses a specified level (fading 
level) in the positive (or negative) slope, and the AFD is the 
average time duration that the fading envelope (received 
signal strength) remains below a specified level [3-5]. 

In spite of existing numerous researches utilizing LCR and 
AFD for many approaches and techniques such as diversity 
[5], none of these researches gives an insight on how to 
calculate LCR and AFD for measured received signal. The 
changes in the received signal strength depend on two 
factors. Firstly, the received signal strength changes due to 
the change in the traveling distance between the BS and the 
MS (i.e., path loss effect) and secondly due to the fading. 
Effect of path loss has been studied in our paper [1], whereas 
this paper deals with TETRA channel fading analysis based 
on the measurement1 mentioned in [1]. In order to mitigate 
the effect of path loss, we divide the total distance into small 
windows (local areas), and calculated LCR and AFD for 
measured received signal falling within these windows. The 
values obtained are then averaged over the total number of 
windows.  
 

II. LCR AND  AFD  SCHEMES CALCULATION 
Probability Density Functions (PDF) and Cumulative Fade 
Distributions (CFD) are first-order statistics and are used 
when the speed of the mobile exerts no influence. Systems 
engineers, however, need to study the received signal 
variations in more detail, for example, for a quantitative 
description of the fading rate and the distribution of fades. 
This kind of information is of great importance when 
deciding what binary rates, word lengths, or coding schemes 
should be used for optimum transmission through the mobile 
channel (i.e., to better protect the system form possible error 
bursts). The required information is provided LCR, AFD 
parameters [3,5]. These parameters depend on the speed of 
the mobile station and known as the second order statistics. 
Cumulative Fade Distributions Function (CFD) is defined as 
the probability that the fade envelop is less or equal a given 
level. 
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And for measured data it is the number of data equal or less 
than the given level divided by the total number of the data. 
Where, the number of level crossings ( ) per second is 
expressed theoretically as follows [3]: 
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1  The received signal measurements were conducted on Saudi Arabia 
National Guard (SANG) TETRA system with assistant of General 
Directorate of Military Survey (GDoMS), Motorola and Nasco Companies. 
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)(,...3,2,1 igk = ; is the number of data in each 
window and L is the number of fade levels. Then;  

is the total number 
of these pairs. 

Also it can be obtained theoretically by dividing CFD by 
LCR. Normalized of the Received Signal Strength Indicator 
(RSSI) and fade level to local Root Mean Square (RMS), 
mean or median have been used to calculate the first and 
second order statistical analysis.  As mentioned previously, 
LCR and AFD are presented in many literatures for known 
fade distribution functions like Rayleigh, Rice, Nakagami, 
and log normal in a closed form [3-5] but for measured data 
case, it is not presented in mathematical form. However, 
based on the data PDF, the suitable form is used. But if the 
data distribution does not follow known distribution, the 
manipulation is not clear.  This drawback motivates us to 
formulate these calculations here.  
 

A. LCR calculation scheme : 
 
To calculate LCR for received signal the following steps are 
suggested: 

 
Step 1:  Divide the data distance into small window (W), 

each window with length equal to tens(n) of wave 
length (λ ).This is done to study the LCR in a local 
area. λ80 (60 m) is used here with sliding window 
equal to λ40  . 
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Where, is the maximum distance that 
corresponds the measured received signal.  
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Step 2:  Normalize each window data ( ) to its 

RMS or median or mean. Here we normalized to the 
RMS.  
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if RSSI  in dBm  and MMiW ,),......,3,2,1( =  is the 
window numbers. 

 

Step 3:  Select fade levels (R) base on the maximum and 
minimum normalized window data 

 
Step 4: For fade levels R ( ) to R (1=j Lj = ), count 

& , in each window, 
that satisfy  the following condition: 
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Step 5: Repeat step 4 for all windows . ),...,3,2,1( MiW =

Step 6: Finally;  
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B. AFD calculation scheme : 
 

The following steps are suggested for AFD calculation: 
Step 1: Repeat LCR’s   steps1 to 3. 
Step 2: For fade levels R ( ) to R (1=j Lj = ), count 

 &  , in each window, 
that satisfy  the following condition 
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where,  then, calculate its 

corresponding time duration ( ) as follows: 
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 Where,  is the corresponding time of 

the .This needs to convert the window 
distance length to window time duration using 

mobile speed   ( 
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data should be observed and if it is less than the 
given fade level; it must consider as starting point 
of fade duration. As a result of this step AFD for 
fade level R(j) in window W(i) is given by  
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where, S is the number of sub-time durations.  

  



 

 

Step 3: Finally; 
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III. RESULTS AND DISCUSSIONS 

Using the aforementioned schemes, LCR, and AFD curves 
have been plotted for the collected data from base stations 2, 
5, and 9, for the selected route passing through the urban 
area of the Riyadh city. The selected route was divided into 
four sub-parts; (i) Olaya Main Street, (ii) Khurais Road, (iii  
King Abdulaziz & Prince Faisal Roads, and (iv)King Fahd 
Road.  The details of these parts and measurements are 
given in [1].  
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                                           (a)                                      
Fig. 2: TETRA channel fade CFD curves. (a): CFD of the s

with Nakagami CFD. 

       

 
                                      (a)                                                   

Fig. 3: TETRA channel fade LCR curves. (a): LCR of the s
with Nakagami LCR. 
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elected route parts. (b) All over the selected routes compare 
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elected route parts. (b) All over the selected routes compare 
 

 
 
 

                                   (a)                                                                                                      (b) 
Fig. 4: TETRA channel fade AFD curves. (a): AFD of the selected route parts. (b) All over the selected routes compare 

with Nakagami AFD. 
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