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Abstract 

The research paper examined the quality of service of the Nigeria telecommunication service of the major telecommunication providers 

in Nigeria. The Call Set-Up Success Rate (CSSR) and Dropped Call Rate (DCR) were analyzed using three parameters Nakagami-m 

distribution. The parameter estimates of the Nakagami-m distribution were provided and were tested if they fit into Nakagami-m 

distribution. The research work recommended that the National Communications Commission (NCC) which is the Apex body that 

allocates spectrums should put up effective control mechanisms for radio frequency users to improve infrastructure and Quality of 

Service. This paper has also attempted to provide mathematical guide for the accurate estimation of bandwidth requirements for 

organizations to improve the quality of service provided. 
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1. Introduction 

1.1 General Introduction on Probability and Probability Distribution 

Probability is the measure of the likelihood that an event will occur. Also, Probability is quantified as a number between 0 and 1, where, 

in general, 0 tells of impossibility and 1 signifies certainty. The higher the probability of an event, the more credible it is that the event 

will occur. The idea of probability has been given an axiomatic mathematical formalization in probability theory, which is used widely 

in such areas of study as Mathematics, Statistics, Finance, Gambling, Science (in particular Physics), Artificial Intelligence/Machine 

Learning, Computer Science, Game Theory, and Philosophy. 

There have been at least two successful attempts to standardized Probability, namely the Kolmogorov formulation and the Cox 

formulation. In Kolmogorov's formulation, sets are interpreted as events and probability itself as a measure on a class of sets. In Cox's 

theorem, probability is taken as a primitive (that is, not further analysed) and the emphasis is on constructing a consistent assignment of 

probability values to propositions. In both cases, the laws of probability are the same, except for technical details. There are other 

methods for quantifying uncertainty, such as the Dempster–Shafer theory or possibility theory, but those are essentially different and 

not compatible with the laws of probability as usually understood. 

Probability distribution is a mathematical function that furnishes the probabilities of occurrence of different possible outcomes in an 

experiment. A probability distribution is defined in terms of an underlying sample space, which is the set of all possible outcomes of the 

random phenomenon being observed. The sample space may be the set of real numbers or a higher-dimensional vector space, or it may 

be a list of non-numerical values; for example, the sample space of a coin flip would be {heads, tails}. 

Probability distributions are generally divided into two classes. A discrete probability distribution (applicable to the scenarios where the 

set of possible outcomes is discrete, such as a coin toss or a roll of dice) can be encoded by a discrete list of the probabilities of the 

outcomes, known as a probability mass function. On the other hand, a continuous probability distribution (applicable to the scenarios 

where the set of possible outcomes can take on values in a continuous range (e.g. real numbers), such as the temperature on a given day) 

is typically described by probability density functions (with the probability of any individual outcome actually being 0). The probability 

distributions can have either univariate or multivariate random variables. 

 

1.2 History of Nakagami Distribution 

The Nakagami distribution (NKD) is relatively new; compared to other statistical distribution. It was proposed in 1960, it has been used 

to model attenuation of wireless signals traversing multiple paths and to study the impact of fading of radio signals, data regarding 

communicational engineering, and so forth. [1] The distribution may also be employed to model failure times of a variety of products 

(and electrical components) such as ball bearing, vacuum tubes, and electrical insulation. It is also widely considered in biomedical 

fields, such as to model the time to the occurrence of tumours and appearance of lung cancer. It has the applications in medical imaging 

studies to model the ultrasounds especially in Echo (heart efficiency test). [2], [3] and [4] used the Nakagami distribution to model 

ultrasound data in medical imaging studies. Similarly, [5] and [6] had shown the utility of the NKD to deal with the formation of high 

frequency seismogram envelopes. This distribution is extensively used in reliability theory and reliability engineering and to model the 

constant hazard rate portion because of its memory less property. 
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This distribution was introduced by M. Nakagami in 1960 [1]. In communications theory, Nakagami distribution (NKD) is mostly used 

for modelling the fading of radio signals. It has two parameters one is shape parameter (m-parameter/fading parameter) and other is scale 

(w) parameter. It is used to model scattered signals that reach a receiver from different paths. Depending on the thickness of the scatter, 

the signal will display diverse fading properties. NKD can be reduced to Rayleigh distribution, but gives more control over the extent of 

the fading. The NKD has also been applied successfully in many other fields as well. In order to use NKD to model a given set of data, 

we will have to estimate its parameters from the given data. Shape parameter is important in the sense as its knowledge is required by 

the receiver for optimal reception of signals in Nakagami fading. 

 

The probability density function (pdf) of the Nakagami distribution is given as mentioned in below: 
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2. Research Methodology 

In wireless telecommunications and all waves’ related equipments, the received signal is subjected to fading due to two physical 

mechanisms. On one hand, the multipath components cause rapid and deep fading in displacements of few wavelengths (small-scale 

area). This is the well-known short-term fading or fast fading, which has been extensively analyzed in the literature [7, 17]. This fast fading 

signal has been modeled statistically using the Rice, Rayleigh, Nakagami-𝑚, and Weibull distributions [18, 20]. 

The Nakagami-𝑚 distribution, whose pdf is defined in equation (1) above, is frequently employed to model the fast fading since it fits 

better than the other distributions in many measurement campaigns [1]. On the other hand, the received signal fluctuates slowly around 

a mean in displacements of hundreds of wavelengths (large-scale area). This variation is known as long-term fading or shadowing. This 

shadowing is due to the temporal blockage of the direct component between the transmitter and receiver terminals. The shadowing is 

commonly modeled statistically by a lognormal distribution. 

 

2.1 Estimation of Two Parameters of Nakagami-M Distribution 

The probability density function (p.d.f.) of the Nakagami-m distribution with two parameters {m, Ω} is given as [1, 21]: 
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And its cumulative distribution function is given as: 
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Where 𝑚 is the shape parameter and Ω is the speed parameter. 

 

Its measures are given as: 
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Its parameters are estimated as: 

 

𝑚 =  
𝐸2(𝑋2)

𝑉𝑎𝑟 (𝑋2)
 (7) 

 

And Ω = E (𝑋2) (8) 

 

2.2 Estimation of Three Parameters of Nakagami-M Distribution 

The probability density function (p.d.f) of the extended Nakagami distribution with three parameters {m, Ω, s} as defined by [22] and 
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Also known as Nakagami-Akintunde distribution is given as: 
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And its cumulative distribution function is given as: 
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Where 𝑚 is the shape parameter, Ω is the speed parameter and 𝑠 is the location parameter. 

 

The measures of the three parameter distribution are given as: 
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The parameters are estimated as: 
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And 𝑠 =  
∑ 𝑥
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3. Analyses and Results 

In this research work, analyses are done on the application of three-parameter Nakagami-m distribution to telecommunication industry 

in Nigeria. Thus, the following term are briefly defined as: 

Telecommunication: The science and technology of communication or messages over a distance especially using electric, electronic or 

electromagnetic impulses. Furthermore, it is the technology of sending signals, images, and messages over a long distance electronically 

for example radio, telephone, television, and satellite and so on. 

Quality of Service: This is abbreviated as QOS, it is the quality of service rendered at a particular time. 

Key Performance Indicators: This is abbreviated as KPIS, and it is a qualitative measure used to evaluate the success of an organization 

employee in meeting objectives for performance. 

Call Setup Success Rate: This is abbreviated as CSSR, and it is the number of the unblocked calls attempts, divide by the total of all 

attempts. 

Dropped Call Rate: This is abbreviated as DCR, and it is the number of dropped calls divide by the total of all attempts. 

SDCCCR: This is defined by the probability of failure of accessing a standalone dedicated control channel (SDCCH) during call setup.  

SDCCH: This is used in GSM system to provide a reliable connection for signalling and SMS. 

TCCCR: This is the probability of failure of accessing a traffic channel during call setup. 

Traffic Control Channels: This is abbreviated as TCCH and it is responsible for transferring information between mobiles and BTS.  
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The Call Set-Up Success Rate (CSSR) and Dropped Call Rate (DCR) for the two major leading telecommuniicaion industries (MTN 

Nigeria and Globalcom Nigeria) are explicitly analyzed using the three-parameter Nakagami-m distribution. The results are as shown in 

Table below: 

 
Table 1: Observed and Expected Valeus/pdf values of MTN and GLO CSSR and DCR 

 

Date MTN CSSR GLO CSSR MTN DCR GLO DCR Expected MTN CSSR Expected GLO CSSR MTN DCR pdf GLO DCR pdf 

Jan 2017 99.07 98.10 0.57 0.61 87.367050 51.722050 0.436794 0.436794 

Feb 2017 98.98 98.15 0.58 0.60 82.318960 58.345500 0.431301 0.431301 

Mar 2017 98.98 98.16 0.58 0.56 82.318960 59.491050 0.435995 0.435995 

Apr 2017 98.92 98.44 0.26 0.70 74.638970 62.850570 0.600557 0.600557 

May 2017 99.24 98.51 0.28 0.79 74.638970 55.001510 0.734994 0.935167 

Jun 2017 99.26 98.63 0.29 0.74 71.393340 35.359210 0.765678 0.732048 

Jul 2017 99.34 98.60 0.66 0.76 55.532130 40.868370 0.808769 0.808769 

Aug 2017 99.33 98.40 0.70 0.52 57.735900 65.878100 0.928618 0.482876 

Sept 2017 98.82 98.71 0.72 0.56 55.532133 49.334860 0.876900 0.435995 

OcT 2017 98.81 98.21 0.66 0.53 53.274570 64.242370 0.467293 0.467293 

Nov 2017 98.93 98.11 0.61 0.52 76.138920 53.160690 0.482876 0.482876 

Dec 2017 98.95 98.02 0.55 0.52 78.881250 38.449060 0.482876 0.482876 

Jan 2018 99.04 98.10 0.52 0.48 86.593300 51.722050 0.569644 0.569644 

Feb 2018 98.86 98.02 0.52 0.52 63.992520 38.449060 0.482876 0.482876 

Mar 2018 99.21 98.25 0.45 0.55 78.881250 66.801300 0.443815 0.443815 

Apr 2018 99.17 98.59 0.46 0.53 83.277130 42.626930 0.467293 0.467293 

May 2018 99.29 98.30 0.50 0.53 65.949500 68.358900 0.467293 0.467296 

Jun 2018 99.24 98.40 0.53 0.50 74.638970 65.878100 0.521495 0.521495 

 

The three parameters of the Nakagami-m distribution, namely shape parameter (m), speed parameter (Ώ) and location parameter (s), 

were calculated obtained and fixed. Their values were obtained as follows: 

1. For MTN CSSR; m=0.5, Ώ=0.18124 and s=99.08 

2. For GLO CSSR, m=0.5, Ώ=0.22432 and s=98.3167 

3. For MTN DCR, m=0.5, Ώ=0.13656 and s=0.5244 

4. For GLO DCR, m=0.5, Ώ=0.5844 and s=0.09624 

 

The pictorial representations of the observed and fitted three-parameter Nakagami-m distribution for the CSSR and DCR are as shown 

below. 

Having done the fitting and pictorial representation, it was then tested, examined and found that all of MTN CSSR, Glo CSSR, MTN 

DCR and Glo DCR fit into Nakagami-m distribution. Thus, the three-parameter Nakagami-m distribution is recommended for use in 

Nigeria telecommunication industry [23]. 

 

4. Conclusion 

In this research work, the probability density function (pdf) of the new extended three-parameter Nakagami-m distribution developed 

has been presented with all its parameters estimation and properties.  

Knowing all these, after fixing the parameters, we discover and know the class and quality of signal sent and received. Hence, we are 

able to determine the signal that is expected.  

Conclusively, this study affirm and revalidates that Nakagami distribution is massively applicable in the sending and in receiving 

telecommunication signals. We can easily figure out where error is and provide quantitative and qualitative measure in correcting and 

preventing them. 
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