Prediction of Propagation Characteristics for Frequency and Cell Planning in Urban Environments
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Abstract The propagation characteristics of cellular communication channel, as well as the cochanel interference parameter, such as carrier-to-interference ratio (C/I), are investigated for the general case of built-up areas with randomly distributed buildings placed at the rough terrain. Comparison with classical static model of cellular map splitting based on experimental data obtained by measurements carried out in various built-up areas is presented.

1 Introduction 
At the present time a detailed strategy for cellular systems planning and design is very useful both for mobile and fixed wireless access systems [1-12]. Prediction of propagation phenomena and main propagation characteristics in urban cellular networks, as well as the frequency planning concept presented in this work is based on  the developed models [1-10] and  can be used to optimize the cochannel interference parameter, C/I and to give its low boundary at the earlier stages of cellular networks planning for different built-up asreas.

2 Theoretical Approach

The strategy of cellular systems construction, as well as of cellular maps splitting on cells  depend on conditions of propagation and on the topographic characteristics in different built-up areas.

2.1 Cochannel interference parameter prediction

According to the propagation situation in the urban scene the servicing and cochannel sites (cells) can lie both inside and outside the break point range r

, which was postulated as the low level of cell’s radius for cellular networks [5-10].  

For cell sites located beyond the break point range the equation of signal-to-interference ratio can be modified taking into account the change of the signal decay law from 

 to 

, where 

 is the attenuation, or so-called, slope parameter:
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Because the reuse distance D and radius of cell R relate through the reuse factor K as 

 [9], the equation above can be rewritten versus the reuse factor, K,  and radius of the individual cell, R, as:
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We examine this equation for general case of a city with irregularly planned streets and rows of buildings placed at the rough terrain.

2.2 Propagation Characteristics Prediction in Urban Area with Irregularly Distributed Buildings Placed at the Rough Terrain

Taking into account that the real areas of the urban environment are inhomogeneously distributed and using a new stochastic approach, we can obtain the density of buildings’ contours [8-10], 0 = 2<L>/where  is the density of buildings in the investigated area of 1 km2; <L> is the average building length. The parameter 0 determines the average horizontal distance of the LOS, 
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, which defines the low level of cell’s radius in such conditions.

The coherent part of the total field intensity that was obtained from a new approach is [8-10]:                
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The incoherent part of the total field intensity for single scattered waves that was obtained from a new approach is                   
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For multiple scattered waves is:
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where the average buildings’ height h for quasi-homogeneous distribution of buildings’ height is 
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  are maximum and minimum height of built-up layer.                                         

Finally the path loss can be presented in the following form: 

 L=-10log

=-10log[

+

]           (2.6)

As follows from presented formulas, the attenuation slope parameter 

 for more general situation in the street scene is:

for the case when 

>

 and for shadowing effects are predominant (diffraction effects are predominant, and first term in (2.11) is larger than second one)



    

                                  (2.7a)

for the case for the case when 

>

 and for shadowing effects are weak (first term in (2.6) is smaller than second one)
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for the case when 

<
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and the cell radius 

 defined above.

2.3 Main Algorithm of the Proposed Approach
The model proposed here is based on the stochastic approachs and requires only statistical parameters of the terrain and environment such as the law of buildings’ distribution at the rough terrain , as well as the locations of both terminals, transmitter and receiver, to obtain loss characteristics in various situations in the urban scene. In addition to that, these models provides an estimate the low level  of cell radius, which is defined as the average distance of line-of-sight (LOS) between terminals in an area investigated [9, 10]. Finally, this technique allow us to obtain the cellular characteristic, such as the cochannel interference parameter, C/I.
3 Comparison with Existing Static Model and Discussions

Let us compare proposed approach to determine the cochannel interference with that based on a static description of built-up environments. This static model is usually used to determine the worst case calculation when designing a frequency plan for the GSM cellular network design [11, 12]. Based on the log-normal signal strength fading, this model determines the frequency plan of those wireless communication channels, which have to transmit with full power at all time of operation, both for omnidirectional and directional antennas. As was shown in [11, 12], this model gives some realistic and probabilistic measure for the worst xase interference level. Let us briefly present this static model and compare it with our approach based on formula (2.2) and proposed stochastic approach presented in [11, 12] for a simple case of uniform omni directional antennas. The model consists of a hexagon environment with six interferer in the first tier, thus it deals with the constant frequency reuse factor equal six and does not include into account the interference from the second tier, as a negligible [11, 12]. Following this approach, the following formula to determine the carrier and the interferer signal power decay can be obtained:



 , 

 

         (3.1)

where 

 and 

 are the transmission power from the desired base station (or radio port) and the interfering base stations (or radio ports), repectively; 

 is the distance to the interfering sites; 

 as above, in Section 2, is the signal power decay parameter. For  

 = 

  the carrier to interference ratio becomes          
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where 

 can be defined according to geometry presented in [11-13]:
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Because  

, one can now easily calculate C/I ratio both according the simple model and the approach proposed in Section 2 and based on finishing formula (2.2). Calculations of C/I ratio according to both models are presented in Table 1 for different reuse factors K.  The calculations of C/I ratio according to [11, 12] without including log-normal fading due to shadow effects, which are presented in the first column, corresponds to a very optimistic measure since it only represents the mean value of the received C/I. This variant is close to the stochastic model model described in Section 2.2 without taking into account diffraction effects, that is, for 

  and 

. Calculations according this model using formulas (2.3)-(2.7) for 

,  and taking into account that the radius of cell is 

, which was calculated for the same parameters of environment described in [11, 12], are presented in the second column of Table 1.  As was shown in [11, 12] in built-up areas the shadowing effect is very important and the received signal level is normally distributed around some mean value depending on the distance from the base station and the environment in between. The variations of the received signal levels in such environments usually have a standard deviation of about 6 dB [11, 12]. The C/I ratio without fading corresonds to a 50% probability of being below that C/I ratio. The 90% area coverage is the typical goal for cellular network planning. As was obtained in [11, 12], the 90% area covarage gives a low probability of completing a call at the cell edge, whereas the probability of completing a satisfactory call close to the base station is much higher that the 90% which is the average for the entire cell. This variant corresponds to stochastic model model described in Section 2.2 taking into account diffraction effects, that is,  for 

  and 

. Results of calculation in the case of shadowing by use a simple model and the stochastic model (the same formulas as for data presented in the second column, but for 

) are presented in the third and fourth columns, respectively. As can be seen, the data obtained from both variants of proposed stochastic approach, presented in Section 2.2, are close to those obtained from a simple model, which based on experimental data obtained in [11, 12] for the concrete built-up areas. At the same time, using more general stochastic approach, one can predict C/I ratio with a greater accuracy, without any experiment or before it, obtaining the full (100%) radio coverage of any entire cell by use the corresponding formulas (2.3)-(2.6) for various terrain models according to (2.7), and , finally, give more realistic prognosis of network planning. On the other hand, this model based on the concept of existance of initial information (a priori) about the frequency planning concept, that is about the frequency reuse factor K=const.
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Table 1: Cochannel interference for different reuse factors

	Reuse factor
	C/I  (dB)

	(K)
	Models

	
	Simple

(without shadow)
	Stochastic
(without diffraction)
	Simple
(with shadow)
	Stochastic
(with diffraction)

	3
	7.33
	6.84
	3.43
	3.58

	4
	9.94
	9.26
	6.03
	5.99

	7
	14.71
	14.03
	10.81
	10.28

	9
	16.77
	16.18
	12.87
	12.01

	12
	19.08
	18.55
	15.90
	15.12
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