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Abstract text. In this letter we consider a cell in the network of mobile users. It is proved that emission power to a user at the mean value of distance from a base station and the mean value of emission power to a user are calculated in different ways. These two values are calculated for three characteristic user density distributions in a cell. The results are verified by simulation.
Introduction: In a telephone network of mobile users (mobile stations - MS) it is necessary to provide sufficient, but not too high emission power. As it is well known, too high emission power has unfavorable influence on the environment and causes unnecessary interference. That’s why it is necessary to provide as precise as possible power and other cell characteristics calculations in the main GSM network part, a mobile network cell. Traffic process in a cell is performed as a random process and this is the reason why calculations are performed using mean values. Therefore, the correct determination of mean values of cell performances is the basis of accurate cell dimensioning. In this short paper it is presented how to calculate the mean value of distance between MS and base station (BTS) and the mean value of power for MS in a cell. It is especially interesting to determine ratio of mean emission power to one user and emission power to a user on the mean distance from BTS. The model used in this paper is adopted in the Section 2. The mean value of distance between MS and BTS for different distributions of users’ density is determined in the Section 3. The mean value of emission power to one user is calculated in the Section 4 and after that in the Section 5 this power is compared to the emission power to a user on the mean distance from BTS. The method of simulation is briefly presented in the Section 6. The paper conclusion follows in the Section 7.
[bookmark: _Hlk85835786][bookmark: _Hlk85851581][bookmark: _Hlk85842142]The model, assumptions and designations: Let us consider a circular GSM cell of the radius R. The number of the users in the cell is significantly higher than the number of available channels used for connections realization. Users’ surface density (g) may be different, but usually three densities are considered: uniform, linearly decreasing as a function of distance from BTS (where the density is g0 = 1) to the cell rim (where the density is gR = 0) and increasing as a function of distance from BTS (g0 = 0) to the cell rim (gR = 1). The instantaneous distance of the considered user from BTS is designated by d. The probability of randomly distributed variable x is designated by P(x). The probability cumulative distribution function, CDF, of the variable y is designated by Fy(x), Fy(x)=P(y≤x). The probability density function, PDF, of the random variable x is fx(x). The mean values are designated by the subscript m, the mean distance between the user and BTS is dm. The emission power is designated by W. It is supposed that emission power to users depends only on the distance of user from BTS, W = a∙dγ, γ = 2-5 [1], where γ is the coefficient of signal attenuation in some environment and a is the coefficient which adjusts dimensional and numerical properties of two expression sides. The value of emission power to an active user is not independent random variable but random function of user distance from BTS. It is supposed that traffic process is random, i.e. the moment of call origin and release are random as also the distance of active user from BTS.
The mean value of distance between the user and BTS: It is presented in the paper [2] how CDF of distance between MS and BTS, Fd (x) may be determined. CDF may be determined comparing the surface of cell parts or volumes which present MSs’ density in the case of three mentioned density distributions. As it is known, PDF is determined from CDF as its derivative 

	(1)
and the mean value of distance MS – BTS is

	(2)
The calculated values for three analyzed surface users’ density distributions (uniform, decreasing and increasing) these values are 2R/3, 0.5R and 3R/4 respectively. It may be emphasized here that the mean value of distance between MS and BTS depends only on the surface users’ density distribution in a cell.
The mean value of emission power to a user: As it is already emphasized, emission power to some user is not independent random variable but random function and it depends on random variable d. It is well known [3, Section 5.2.], that PDF of dependent random variable (emission power to the user) may be obtained using PDF of independent random variable. The mean value of dependent random variable may be also obtained using equation (5.29) [3] which uses only density distributions of independent and dependent random variable:

  (5.29 from Papoulis)	(3)
If the random function W = a∙dγ is applied in the case of uniform distribution of surface users’ density, the emission power to a user is

	 (4)
where it is Wmax = a∙Rγ.
[bookmark: _Hlk85855563]It is clear from this consideration that mean value of emission power to a user (besides surface users’ density distribution in a cell) depends on coefficient γ i.e. on the signal level attenuation in the space.
It is obtained in the same way for the decreasing users’ density distribution from BTS to the cell rim

	(5)
If surface users’ density in a cell increases from BTS to the cell rim, the mean value of emission power to MS is calculated from:

	(6)
The mean emission power to one user as a function of propagation coefficient (γ) for uniform, decreasing and increasing users’ density distribution in BTS cell is presented in the Figure 1. The precise values are calculated using expressions (4), (5) and (6).
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Fig 1  The mean emission power (Wm) to a user as a function of propagation coefficient (γ) for different user density distributions
[bookmark: _Hlk85859773][bookmark: _Hlk85865398]Comparison of the mean users’ power and the power of a user at the mean distance from BTS: The main goal of this paper is to compare the mean emission power to one user, Wm, and the emission power to a user at mean distance, i.e. Wdm = a∙dmγ. This comparison is illustrated using graphics in figures 2 for uniform, 3 for decreasing and 4 for increasing users’ density.
It is obvious that mean emission power to a user (Wm) is always greater than the power which is transmitted to a user whose distance from BTS has the mean value (Wdm) for all real conditions when it is γ > 1, i.e.:

	(7)
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Fig 2  The mean emission power to one user (Wm) and the emission power to a user on the mean distance from a base station (Wdm) as a function of the propagation coefficient (γ) for uniform users’ surface distribution
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Fig 3  The mean emission power to one user (Wm) and the emission power to a user on the mean distance from a base station (Wdm) as a function of the propagation coefficient (γ) for decreasing users’ density distribution as a function of users’ distance from BTS
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Fig 4  The mean emission power to one user (Wm) and the emission power to a user on the mean distance from a base station (Wdm) as a function of the propagation coefficient (γ) for increasing users’ density distribution as a function of users’ distance from BTS
This difference exists when absolute values of emission power is considered and even more when relative ratio is analyzed, as presented in the Figure 5. The power ratio may reach nearly 3.5 for decreasing users’ density distribution and attenuation coefficient γ=5.
[image: ]
Fig 5  The ratio of mean emission power to one user (Wm) and the emission power to a user on the mean distance (Wdm) from a base station as a function of the propagation coefficient (γ) for uniform, increasing and decreasing users’ density distribution as a function of users’ distance from BTS
Simulation: Simulation performed in our analysis is based on the simulation process already presented in [2]. The paper [2] is just a part of our total volume of contributions dealing with simulations first of all in mobile telephony, which are summarized in [4].
The development presented here includes also traffic simulation to increase confidence in the obtained results meaning that the value of traffic intensity and number of available traffic channels are defined before the simulation.
When considering simulation for the case of mean emission power, the program flow corresponds to the one applied in [2]. It is important to emphasize that in this case each generated random number is modified according to the coefficient dependent both on users’ density distribution and propagation coefficient γ. Modification is realized by the calculation of inverse function. At the end of simulation the mean emission power is calculated as the mean value of power in all traffic channels when they are in active state.
When simulation is performed for the case of power to the user at the mean distance from BTS, the applied simulation program is slightly changed. The generated random number is modified according to the coefficient which is dependent only on the users’ density distribution in the cell. The mean value determined in such a way during simulation process is finally raised to the degree equal to γ.
The selected value of traffic in the simulation process has been A=12E and the number of available traffic channels has been N=16. The results determined by simulation in the case of uniform and increasing users’ density distribution correspond to those obtained by calculation with difference less than 1% for only 25000 generated random numbers and for between 5000 and 6000 initiated traffic connections during simulation process.
[bookmark: _Hlk85868603]Conclusion: Determination of mean values of distance between MS and BTS, dm, and emission power to a user, Wm, are performed in different ways because the distance between MS and BTS is independent random variable and its mean value depends only on the distribution of MSs’ density in a cell. The mean value of emission power to a user depends on a distance MS ↔ BTS and on the attenuation coefficient γ. The mean value of distance between MS and BTS is important when power is calculated for mobile users [5].
The mean value of emission power determination is based on the method of mean value of random function calculation and is important in all cases of energy efficiency estimation [2], [6]. Emission power determined using the power to the user at the mean distance is lower according to the expression (7). In some cases of users’ density distribution and attenuation coefficient γ values this power is even not more than 30% of mean emission power. Such high difference is clear proof that calculation of mean emission power may not be replaced by the calculation of power to the user on the mean distance from BTS.
Comparison of mean value of emission power for one MS and emission power for MS at mean distance from BTS shows that difference of these two values increases when the coefficient of signal attenuation increases.
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