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Abstract: Due to the importance that mobile telecommunication systems are assuming in 
voice networks, this paper addresses the problem of modelling the traffic that characterizes 
cellular systems. Starting from experimental data provided by a mobile telecom operator, the 
two aspects of interarrival times and holding times of voice calls are considered. For each of 
them a study is carried out to find the best mathematical modelling that can represent the 
experimental data. This study confirms that the exponential assumption for the distribution of 
interarrival and holding time is far from reality. 
Keywords: Cellular systems, call holding time, call interarrival time, Erlangian distribution, 
lognormal distributions. 
 
1.   INTRODUCTION 

 
Evolution of voice networks based on the traditional fixed infrastructure has occurred 

during several decades determining a steady, albeit slow in the last years, growth of (wired) 
phone users. Teletraffic theory used to build and scale-up such voice network has been 
established in seventies and eighties and used without significant changes thereon. 

The advent of mobile telephony has determined a completely new scenario in which the 
previous assumptions and understanding of user behaviour in terms of traffic requirements 
seemed not to hold anymore, given the completely different behaviour and habits of mobile 
users, compared to fixed voice users. Furthermore, the impressive growth of mobile user 
population, which in some countries has even matched the number of wired voice users, 
forces telecom operators and researchers to better understand the characterization of such new 
type of traffic offered to the network. Only a full understanding of the statistical behaviour of 
mobile traffic can make it possible to dimension wireless and wired networks so as to meet 
the traffic demand originating in this completely new scenario. 

According to the traditional (wired) teletraffic voice model, Poisson traffic is assumed to 
model the call arrival process at an exchange, given that the user population served by the 
exchange is large enough. Initially this assumption has been retained even in presence of 
mobile users, even taking into account that the cell concept typical of a telephone wireless 
network partitions the user population in small sets, each served by a small number of 
channels. Nowadays the incoming calls in a cellular network are generally still modelled with 
the Poisson process, and both call holding time and interarrival time are assumed to behave as 
a negative exponential distribution. Nevertheless this assumption could not be valid anymore 
considering that the behaviour of mobile users is very different from that of wired users and 
that today heterogeneous services are supported, well beyond the basic voice service. 
Furthermore, user mobility and crossing of cell borders during a call adds complexity to a 
problem that is hard to understand and inherently complex.  
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Many researchers have studied the channel holding time of the telephone systems using 
analytical tools, simulations and, whenever possible, real data, always assuming the negative 
exponential distribution to describe the call holding time (CHT).  

Barcelò and Jordan [1-2] have made a series of experiments on the cellular telephone 
system, concluding that the negative exponential distribution is not a good approximation of 
the channel holding time. The probability distribution that better fits the empirical data, 
applying the Kolmogorov-Smirnov test as index, is a sum of lognormal distributions. 
Jedrzychy and Leung in [3] confirm these results, demonstrating that the negative exponential 
assumption for channel holding time is not correct and that a lognormal model approximation 
fits much closer real data.  

The channel holding time is strictly dependent on the user mobility, which can be 
characterized by the cell residence time. In [4] Fang, Chlamtac and Lin show that for 
exponentially distributed call holding times the channel occupancy times are exponentially 
distributed if and only if the cell residence times are exponentially distributed. They further 
show that the merged traffic from new calls and handoff calls is Poisson if and only if the cell 
residence times are exponentially distributed, too. In [5-6] Fang and Chlamtac propose a new 
mobility model, called the hyper-Erlang distribution model. For cell residence time with a 
general distribution they derive analytical results for the channel holding time distribution, 
which are readily applicable to the hyper-Erlang distribution models. Soong and Barria in [7] 
show that, when the cell residence times have an Erlang or hyper-Erlang distribution, the 
channel holding times can be represented by a Coxian model. 

In this paper we have carried out an analysis on real data, gathered by Italian mobile 
telecom operator Telecom Italia Mobile, TIM. Unlike all the mentioned studies that assume 
an exponential distribution for the whole call duration, in this paper we study the actual 
distribution of call holding time, which we will find here to be far from an exponential 
distribution. Unfortunately the data used to perform statistical analysis do not enable us to 
account for user mobility. So we cannot evaluate the cell residence time and consequently the 
channel holding time; our analysis is therefore limited to call holding time. 

As for the call interarrival time distribution, Barcelò and Bueno in [8] have investigated 
the distribution of channel idle time (time between the end of a message and the beginning of 
the next one on the same channel) for a PAMR cellular system. They have achieved quite 
good results with an Erlang-j,k approximating function. Thanks to this analysis they have 
drawn some considerations also for the distribution of interarrival times, concluding that it is 
quite different from the exponential model commonly used. 

In our analysis we have been able to study the distribution of interarrival time, that is the 
time between the set-up of one call and the set-up of the following one, in the area covered by 
the station and in the monitored cell. The data analysis has been based on the Barcelò 
experiment [1] that suggested us the fitting functions to be used for approximating the real 
data.  

The work is organised as follows. In section 2 it is shown the experimental data set on 
which this work is based and the approximating functions to be used are presented. The 
analysis of the interarrival time is performed in section 3, while section 4 carries out the study 
of the call holding time.  
 
2. EXPERIMENTAL DATA FITTING  

 
The analysis of data traffic performed in this paper is based on data collected by the 

Italian mobile operator TIM for charging purposes and, in general, for traffic monitoring. 
They refer to the traffic that has been originated during 24 hours for different days in the same 
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MSC (Mobile-services Switching Centre), a switching station for the cellular service dealing 
with all the call control, the support of network services, internetworking towards other 
networks, gateway functions, mobility management and high level functions relative to the 
organization of radio resources.  

The information for every call that has been gathered and used for the analysis is the 
overall call duration and the arrival time, from which we have been able to calculate the 
interarrival time of the calls coming to the station in every cell. Unfortunately no information 
is available in our data set to account for user mobility. 

The data shown here are referred to an MSC situated in the vicinity of Rome, Italy, in 
particular the cell considered here, referred to as RM82D1, is located in Fiumicino, an area 30 
km far from Rome. Thanks to the consistent data volume, we have been able to perform a 
statistical analysis; in fact the number of calls originated in the considered station is about 
250,000 per day, for six days distributed in the years 2003-2004. Due to the origin of the data 
traffic (charging functions), the data set used to perform analysis is inherently limited. In fact 
the time axis is characterized by a granularity of one second, meaning that all arrival times 
and call holding times are expressed in multiples of seconds. This situation makes things a 
little harder as accurate statistics and distribution fitting would require the availability of these 
times expressed for example in terms of milliseconds.  

The statistical data analysis that follows considers only a subset of the available data 
spread over the 24 hours based on two different constraints. The first condition is the need for 
a data set with a minimum volume, which could make it possible to perform statistical data 
fitting with acceptable quality; given the one-second granularity of the calls data, we have to 
ensure that the average value of the interarrival time is above a given threshold, for example 
5-10 seconds. On the other hand in order to expect stationarity of the process originating the 
real data, we should keep as small as possible the observed time window. A compromise 
between these two constraints has been to select a window of 5 hours of each observed day, 
ranging from 5:00 a.m. to 10:00 a.m.   

Starting from these experimental data, a mathematical fitting has been carried out to find 
the distribution function that better approximates the interarrival time and the call holding 
time distributions. The functions that we have taken into account for such analysis are the 
exponential, the Erlang-m, the Erlang-j,k, the hyper-Erlang-2, the lognormal and lognormal-3 
summarized in Table 1 with their respective average value. For every candidate distribution 
we have determined* the free parameters so as to minimize the standard deviation (SD) 
between modelling distribution and real data, yet maintaining the average of the distribution 
as close as possible to the real average. The approximating function has been evaluated and, 
for every possible occurrence of either the interarrival time or the call holding time, we have 
found the difference between the value given by the fitting function and the real value; such 
difference is hereafter denoted as si, if referred to a generic call whose duration is i seconds. 
Considering all the possible call durations, ranging+ from 0 (s) up to maxCHT (s) the mean 
square deviation, or standard deviation SD, has been evaluated using the following definition: 
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*  For this task we have used the Solver of Microsoft Excel. 
+  A call duration of 0 seconds refers to an attempted call that is not successful. 
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Statistical tools 
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3.   EVALUATION OF INTERARRIVAL TIME 

Following the approach described in the previous section, we have first computed the 
interarrival time histogram, given the one-second granularity, and then we have determined 
the free parameters for each candidate fitting function. 

From Table 2 reporting fitting data for the interarrival time of calls received from 5:00 
a.m. to 10:00 a.m. in cell RM82D1 on Jan. 23, 2004, we observe that the lognormal-3 
function provides better results than the other functions, even by one order of magnitude. 
Figure 1 shows that this function fits much better the real data distribution than the 
exponential function assumed as a reference. The lognormal-3 distribution, notwithstanding 
the fact that it seems to be the best possible fitting based on SD parameter, forecasts correct 
values only for the (integer) interarrival values being measured. In fact Figure 1 shows that in 
the region of interarrival times between zero and two seconds it provides a bad approximation 
for the intermediate (real) interarrival values.  

So also for interarrival times if the approximating function is used to predict the number 
of calls occurring after a given time, the lognormal-3 distribution would calculate a more 
accurate data than the exponential. In fact, as shown in Figure 1, we can see that the negative 
exponential underestimates the interarrivals shorter than five seconds, and overestimates those 
longer than that value. The same conclusion can be drawn by comparing the exponential SD, 
which is about 10-3, and the lognormal SD that is more than ten times smaller (see Table 2). 

In order to improve the fitting quality starting form the real data, we have considered a 
filtered data set for call arrivals that includes just one call every L=3 actual calls (deterministic 
filtering). Table 3 gives the new fitting values for such new data set, in which the average 
interarrival time is now three times the real value (now it is 21.302 s versus a real value of 
7.101 s).  
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Table 2 
Distributions for interarrival time 

Cell RM82D1 (01/23/2004)  empirical average: 7.101 s 
Fitting           average (s) SD 
Exponential β =  7.101     7.101 3.836 10-3  
Erlang-2 β =  3.550 m = 2    7.101 8.403 10-3 
Erlang-2,10 β =  1.669 j =   2 k = 10 p =  0.718  7.101 5.514 10-3 
Hyper-Erlang-2 β1 = 1.174 k1 = 2 β2 = 5.877 k2 = 2 p =  0.495 7.101 4.345 10-3 
Lognormal µ =  1.310 σ =  1.141    7.101 4.777 10-3 
Lognormal-3 µ1 = 0.688 σ1 = 1.735 p1 = 0.465      
  µ2 = 0.390 σ2 = 0.278 p2 = 0.109 µ3 = 1.630 σ3 = 0.695 7.101 4.618 10-4 
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Figure 1 - Histogram of interarrival time with lognormal-3 and exponential fitting 

If the distribution of interarrival time were exponential, we would expect now to obtain a 
good fitting by the Erlang-3 distribution, given the above filtering. Table 3 and Figure 2 show 
that the Erlang-3 function is not a good approximation of the extracted data set. The most 
appropriate function among the Erlangian family is the Erlang-3,23, while the lognormal-3 
gives the best fitting among all the candidate functions.. This last result has been confirmed, 
albeit not reported here, also by analysing data sets from other cells and different days.  

To overcome the excessive time granularity problem we have also filtered the observed 
data randomly with a given average by keeping one out of L calls (random filtering). We 
expect from this random filtering that the distribution is spread over a larger number of 
interarrival values, as the effect of the one-second granularity is less penalising if the average 
interarrival time grows; apparently this last parameter will be L times that of the original data 
set.  
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Table 3 
Interarrival times with deterministic filtering and L=3 

Cell RM82D1  (01/23/04)  empirical average: 21.302 s 
Fitting average (s) SD 
Erlang-3 β  =      7.101 m =  3    21.302 4.258 10-3 
Erlang-2 β  =    10.651 m =  3    21.302 3.348 10-3 
Erlang-3,23 β  =     4.067 j =    3 k =  23 p =  0.888  21.302 1.251 10-3 
Hyper-Erlang-2 β1=  199.870 k1 =  2 β2 = 4.195 k2 = 3 p =   0.023 21.302 1.447 10-3 
Lognormal µ  =     2.677 σ =   0.874    21.302 1.953 10-3 
Lognormal-3 µ1=     2.645 σ1 =  0.943 p1 = 0.635     
  µ2=     4.205 σ2 =  2.782 p2 = 0.001 µ3 = 2.328 σ3 = 0.452 21.302 8.762 10-4 

 
The number of unfiltered incoming calls from 5:00 a.m. to 10:00 a.m. that we have 

considered in cell RM82D1 is 3009. These calls have been filtered with different values of the 
parameter L, that is L=2,3,4, and the resulting mean values of SD are compared in Table 4. By 
observing the results we see that the lognormal-3 distribution has always an SD value much 
smaller (around 10 times) than the negative exponential function. Furthermore, to verify the 
statistical dependability of the data, we have also considered small cells with about the same 
number of filtered calls. For example we have compared the interarrival time on a cell with 
1100 calls between 5:00 a.m. and 10:00 a.m. (RM16D2) with those of the previous cell 
(RM82D1) with 3009 calls in the same time period, filtered with L=2. The results of the 
analysis are shown respectively in Figures 3 and 4, where we notice that the trend of the 
interarrival time does not change and, once again, in both cases the best approximation is 
given by the lognormal-3 function. 
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Figure 2 - Histogram of interarrival time with deterministic filtering and L=3 
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Figure 3 - Histogram of interarrival time with random filtering and L=2 
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Figure 4 - Histogram of interarrival time with lognormal-3 and exponential fitting 

4.   EVALUATION OF CALL HOLDING TIME 

In order to analyse the call holding time distribution we have followed the same approach 
as for the interarrival time. We have analysed the data of a single cell (RM82D1) for the calls 
received between 5:00 a.m. and 10:00 a.m., gathering a total of 3009 calls. Consider that the 
traffic of four days in the same time period has been observed by considering both weekdays 
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(Oct 24, 2003 and Jan 23, 2004, both Fridays) and weekends (Oct 26, 2003 and Jan 25, 2004, 
both Sundays). Table 5 shows the SD for all the candidate function that fits the CHT in cell 
RM82D1 for each of these days. We notice that the lognormal-3 function always fits the real 
data better than all the others.  The lognormal and hyper-Erlang-2 functions give a good 
approximation too, compared to the exponential and the other Erlangian functions. We further 
notice that there is no significant difference in the results observed in weekdays or weekends. 

We analyse now more in detail the fitting for a single day, that is Jan 23, 2004, for which 
Table 6 reports the resulting numerical values of the free parameters of the fitting function. 
Note that the average value of the fitting distributions has been set equal to the real average 
call holding time. Figures 5 and 6 show how good is the fitting of real data by the computed 
fitting distributions. It is observed that within the Erlangian functions family, the hyper-
Erlang better approximates the real histogram (Figure 5), while the Erlang-2 function gives 
the worst results. The fitting given by the lognormal-3 function is rather good, especially 
compared to the exponential fitting (Figure 6). We can see in this latter figure that the 
exponential function underestimates the probability of short calls (under 60 s), while it 
overestimates the calls from 60 s to 300 s. Over this threshold all the distributions tend to 
zero, as the data do, with no noticeable difference. For example in the cell RM82D1 27 calls 
out of the 3009 total calls have an holding time of 30 seconds. The approximating exponential 
in this case finds 19 calls, while 27 calls are found by the lognormal-3. So the fitting value 
resulting from the exponential function is worse than that found by the lognormal-3. 
Therefore the lognormal-3 function can provide a much more precise estimate of the number 
of calls with a given CHT. 

 
 
 

Table 4 
Comparison among SD 

 

 
 

Table 5 
Standard deviation  

Cell RM82D1 SD exp SD Er-m SD Er-j,k SD Hype-Er-2 SD Log SD Log-3 
08/11/03 8.79 10-4  1.28 10-3 6.61 10-4 5.54 10-4 5.33 10-4 4.65 10-4 
10/24/03 6.91 10-4 1.01 10-3 5.38 10-4 4.72 10-4 4.71 10-4 4.42 10-4 
10/26/03 1.15 10-3 1.06 10-3 8.72 10-4 7.41 10-4 7.41 10-4 6.72 10-4 
01/23/04 8.17 10-4 1.23 10-3 6.54 10-4 5.64 10-4 5.53 10-4 4.77 10-4 

 
 

Cell 01/23/2004 No of arrival SD exp SD Log SD Log-3 
RM82D1 3009 3.836 10-3 4.777 10-3 4.618 10-4 
RM82D1 3009 with L=2 2.219 10-3 3.010 10-3 7.769 10-4 
RM82D1 3009 with L=3 2.548 10-3 1.791 10-3 9.527 10-4 
RM82D1 3009 with L=4 1.759 10-3 1.696 10-3 1.008 10-3 
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Table 6  
Fitting for call holding time 

Cell RM82D1 01/23/2004 empirical average: 81.083 s  
Fitting           average (s) SD 
Exponential β =   81.083     81.083    8.170 10-4 
Erlang-2 β =   40.541 m = 2    81.083 1.226 10-3 
Erlang-2,11 β =   18.781 j =   2 k =   11 P =  0.743  81.083 6.543 10-4 
Hyper-Erlang-2 β1 =  78.329 k1 = 2 β2 = 15.152 K2 = 2 p =  0.402 81.083 5.639 10-4 
Lognormal µ =     3.758 σ = 1.129    81.083 5.527 10-4 
Lognormal-3 µ1 =    2.062 σ1 =3.909 p1 =  0.001      
  µ2 =    2.001 σ2 =2.292 p2 =  0.067 µ3  = 3.707 σ3 = 1.019 81.083 4.766 10-4 
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Figure 5 - Histogram of CHT with Erlang fitting 

5.   CONCLUSIONS 

A set of real data concerning the traffic originated by mobile voice users has been 
considered in order to evaluate statistically the interarrival and holding times of voice calls. 
We have shown that the traditional exponential distribution assumed for both durations does 
not hold at all for the considered mobile environment. Two classes of functions, Erlangian 
and lognormal, have been evaluated in order to approximate the distribution of measured data. 
For the holding time the hyper-Erlang-2 function of the Erlangian class provides a better 
approximation than the exponential. However for both interarrival and holding time 
distribution the lognormal-3 function has proved to give the best modelling of real data. This 
result is important as it provides a useful mathematical tool for modelling real traffic in a 
mobile environment.  
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               Figure 6 - Histogram of CHT with lognormal, lognormal-3 and exponential fittings 
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