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Abstract: - The capacity and the interference statistics of the sectors of the street cross-shaped  W-CDMA microcells are studied. A model of 17 microcells is used to analyze the uplink. The microcells are assumed to exist in a city streets. The capacity and the interference statistics of the sectors are studied for different sector ranges, different side lobe level and  different power control standard deviation error. 
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1   Introduction

CDMA is characterized as being interference-limited and reducing the interference results in increasing the capacity. Three techniques are used to reduce the interference: power control (PC), voice activity monitoring and sectorization which can double or triple the capacity. It is well known that urban microcell shapes may approximately follow the street pattern and for that  it is possible to have cross-shaped  microcells [1]. 

Min et al studied the performance of a cigar-shaped CDMA highway microcell [2]. Hashem et al studied the capacity and the interference statistics for hexagonal cell for a propagation exponent of 4.0 [3].

In this work, we will use a model for cross-shaped microcells in streets with general propagation exponent using a two slope model and then investigate the sector capacity and interference statistics (mean and variance of the interference) of the uplink.

2   Propagation Model 
A two-slope propagation model is used in the calculations. The exponent of the propagation is assumed to be s1 till the break point (Rb) and then it converts to s2. In this way the path loss is given by [4]:
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Where r is the distance between the base station of the microcell C and the mobile receiver, Lb (the propagation loss at a distance Rb) is given by:
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where: hb is the base station antenna height, hm is the mobile antenna height and ( is the wavelength. (1 and (2 are Gaussian random variables of zero-mean and a standard deviation of (1  and (2 respectively. The variables (1  and (2 are assumed to have a correlation coefficient C12. Typical values of s1 , s2,  (1  and (2 are:
· s1 = 1.75 to 2.25,

· s2 = 3.5 to 4.5,
· (1  = 3 dB and

· (2  = 6 dB.
3   Microcell Geometry
The cross-shaped cell geometry is shown in Fig. 1. It can be noticed that the microcell consists of four  directive sectors. Each sector uses a directive antenna with side lobe level Sll. The gain of the utilized antennas is of the order 20 dB.
Fig. 2 shows the deployment of the cross-shaped microcells. We can notice that, there is a cross-shaped microcell in each cross point of the streets net. The sector range is assumed to be R and it has a value from 100 to 150 m. 
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	Fig. 1. The microcell geometry.
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	Fig.  2. The cross-shaped cells deployment.


4   Uplink Analysis

Fig. 3 shows the sectors of the microcells that affect the capacity of the sector under consideration (sc1). Interference form  users within the  sectors that suffer from edge diffraction is neglected since that the diffraction loss ≥ 20 dB. 
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	Fig.3 : Microcells that affect the capacity of the sector under consideration(only 11 microcells are shown).




Fig. 4 shows the configuration of the microcells interference geometry where each microcell controls the transmitted power of its users. 
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	Fig. 4: The interference geometry.


If the interfering user is at a distance rn from its base station and at a distance rm from the another base station as shown in Fig. 4, then the ratio of the  interference signal L(rm, rn) due to the distance only is given as

• If  (rm and rn < Rb) then L (rm, rn) is 
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• If  rm > Rb, then L (rm, rn) is given as
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Now the ratio of the interference signal I(rn, rm) due to the distance and shadowing is given by
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When (rm and rn ( Rb) then (m=(1 and (n=(1 and. If ro>Rb then and (m =(1 or (2 for rm<Rb or rm>Rb respectively.
We will divide the total intercellular interference (I inter,t) to interference from users in the S0 region (IS0) and interference from users in the S1 region (IS1), where these regions are shown in Fig. 3, and we will find the interference at the right sector (sector1) of the central microcell C1 assuming it to be the microcell d. Users in the region S0 are assumed to communicate with the best of the two nearest base stations. Users in the S1 are assumed to communicate with the nearest base station [3]. 

Let the desired signal mean level be S. The mean interference from an active user communicating  with the home microcell will be also S. A user i will not  communicate with the base station m but rather with base station n, if 
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Assuming a uniform density of users, the density of users in each sector is ( = Nu/R users per unit length, and that the activity factor of the user is (, then for the right part of S01 the expected value of  IS01  is given as 
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where
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and
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where ( = ln10/10. Now the general value of (2    is given as:
• When (ro and rn ( Rb) then 
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where Con is the correlation coefficient between the random variables (o and (n. 
• If ro ( Rb and rn > Rb or ro > Rb and rn (  Rb then the value of (2     is given by
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• When (ro and rn > Rb), then 
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and Q(x) is given as
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The expected value of  IS02   due to the right side of IS02 is given as
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The expected value of IS1 due to right part of the S1 region is given as
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The expected value of the intercellular interference from the right side of the regions S0 and S1 is
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Thus the expected value of the total interference from the all sides is given as
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where Sll is the side lobe level of the directive antenna used in each sector. The expected intercellular interference power is given as    
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The intracellular interference power is given by
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Taking into account an imperfect power control with standard deviation error of σc (dB), the total interference power Pt will be:
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The uplink carrier-to-interference ratio (C/I)up is given as 
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 and (Eb / No)up is given as
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For a user with  bit rate of 9.6 kbit/sec the relation (Eb/No)up has to be 7 dB or more. The expected number of users E(Nu) is calculated from (27). 

Now, the variance of IS01 due to right part of S01 is given as
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(28)        
where
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The variance of IS02 due to right part of S02 is given as
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The variance of IS1 due to right part of S1 is given as
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Thus the total intercellular  variance due to the total region S0 and S1 is given by
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The intracellular interference variance is calculated as:
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The total interference variance is given by
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Finally, the outage probability is calculated as: 
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5   Numerical Results
For our calculations some reasonable figures are applied. The antenna azimuth side lobe  level is assumed to be –15 dB, the correlation coefficients Com = 0.5, s1 = 2, s2 = 4,  (1    = 3 dB, (2    = 6 dB and Rb =300 m unless other values are mentioned. We assume that the accepted outage probability is 1% and that the capacity of the sectors is calculated at this probability.
First we study the case of voice only users assuming that Gp = 256, α = 0.5 and (Eb/No)req = 7 dB. Fig. 5 shows the outage probability when R = 130 m for three different power control  standard deviation error . Here it can be noticed that the sector capacity is  61, 60 and 52 voice users for σc of  0, 1 and 2 dB respectively.
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	Fig. 5: The outage probability of the sector for R=130 m for three different power control standard deviation error.


The effect of the sector range is shown in Fig. 6 for two different power control standard deviation error . We can notice that, the sector capacity increases when the sector range increases. 
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	Fig .6:  The effect of the sector range on the sector capacity for two different power control standard deviation error .


The effect of the side lobe level is shown in Fig. 7 when R=130 m  for two different power control standard deviation error. It can be noticed that, the reduction of the side lobe level will give a rise to capacity increment. An antenna with sidelobe level of -15 dB is a good choice.
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	Fig .7:  The effect of the side lobe level on the sector capacity for two different power control standard deviation error.


Fig. 8 shows the outage probability when R = 130 m and s2 = 4.5 for three different power control standard deviation error . Here it can be noticed notice that the sector capacity is  62, 60 and 53 voice users for σc of  0, 1 and 2 dB respectively. Comparing the capacity with that shown in Fig. 5, we can notice that the capacity increases with the increment of s2.
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	Fig .8:  The outage probability of the sector for R=130m for three different power control standard deviation error and s2 = 4.5.


Next we study the case of data only users assuming that Gp = 26.6, α = 1.0 and (Eb/No)req = 2.7 dB. Fig. 9 shows the outage probability when R = 130 m for three different power control standard deviation error. Here we can notice that the sector capacity is  8, 6 and 5 data users for σc of  0, 1 and 2 dB respectively.
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	Fig .9:  The outage probability of the sector for R=130m for three different power control standard deviation error.


6 Conclusion
The sector capacity and the interference statistics of the uplink have been studied using a model of 17 microcells. The micro cells are assumed to be in a city streets. The capacity and the interference statistics of the sectors were studied for different sector ranges, different side lobe level and different power control standard deviation error.  It has been noticed that increasing the sector range will increase the sector capacity. Reducing the side lobe level will also increase the sector capacity.
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