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Abstract: - The  uplink capacity and the interference statistics of the sectors of cigar-shaped W-CDMA microcells are studied. A model of one base station with two sectors, assumed to be within a short tunnel, is used for the uplink analysis. The capacity and the interference statistics of the microcells are studied for different antenna sidelobe levels and different services.

Key-Words: - W-CDMA, Uplink capacity, Tunnel microcell.
1   Introduction

It is well known that CDMA is characterized as being interference-limited, so reducing the interference results in increasing the capacity. Three factors are mainly used to reduce the interference: power control (PC), which is essential in the uplink and can double the downlink capacity, voice activity monitoring and sectorization. It is well known that urban microcell shapes may approximately follow the street pattern and can be modeled as cigar-shaped microcells [1]. This type of microcells appears also in tunnels.

The conditions that describe the tunnel cigar-shaped microcells in this study are 

• the number of the cigar-shaped sectors per base station is two and a directive antenna is used in each sector.

• the sector has typically a range of about one kilometer.

•  the user in the tunnel can reach a speed up to 120 km/h.

Fig. 1 shows the coverage of the sector and the cigar-shaped microcells of a base station. 

Min et al. studied the performance of the CDMA highway microcells [2]but the variance of the interference signal was not given. Hashem et al. studied the capacity and the interference statistics for hexagonal cells using a propagation exponent of 4.0 [3]. Ahmed et al. studied the capacity and interference statistics of highways cigar-shaped microcells using a standard two-slope propagation model [4]. In [5], the received signal within a large tunnels were measured at frequencies of 900 and 1800 MHz. It has been found that the received signal can be estimated using a two-slope propagation model with a lognormal shadowing factor. The received signal within a tunnel was also measured in [6] where it has been also found that the two-slope propagation model is applicable. For the best knowledge of the authors, there is not any study about the capacity of the W-CDMA system within short tunnels served by a middle way base station with two directive sectors.

In this work, we investigate the sector capacity and interference statistics of the uplink of a microcell within a short tunnel.

2  Uplink Analysis 
The configuration of the microcell is shown in Fig. 2. It can be noticed that the base station has two directive sectors. In the uplink each cell controls the transmitted power of its users to a power level of S. We assume that the power control is perfect and that the sector range is R. It is assumed that the number of users in each sector is Nu and that the activity factor is (. For a uniform distribution of users, the density of users in each sector is ( = Nu/R users per unit length. We will find the capacity of the right sector of the base station. In our analysis we will neglect the intercellular interference from the outer macrocells since the power coupled to the tunnel is very small. In reality the microcell coverage extend little bit outside the tunnel.
The intracellular interference power [4] is given by:
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where Sll is the antenna azimuth sidelobe level.

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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where Gp is the processing gain.
The expected number of users (mean capacity) 
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Let us now calculate the second order statistics. The intracellular interference variance var[I]intra is given by:
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Finally, from the obtained first and second order statistics the outage probability for a given number of users N is calculated as: 
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From the above equation the user capacity for a given outage probability Pr is obtained.

3 Numerical Results 

Firstly we study the case of voice users only (15 kbits/sec) assuming that the activity factor α is 0.5. For a user with a bit rate of 15 kbit/sec and a chip rate of 3.84 Mchip/sec (Gp=256), the (Eb/No)up ratio has to be 7 dB or more [7]. 
Fig. 3 shows the outage probability of the sector. It can be noticed that the sector capacity is 88 voice for an outage probability of 1 %.
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	Fig. 3: The outage probability of the sector (voice users).


Fig. 4 shows the effect of the sidelobe level on the sector capacity. Reducing the sidelobe level will increase the capacity of the sector. An antenna with a sidelobe level of –15 dB or lower is a good choice.
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	Fig. 4: The Effect of the antenna sidelobe level on the sector capacity.


Next we study the case of data users only (144 kbits/sec ) assuming that Gp = 26.6, α = 1 and (Eb/No)req = 3 dB [7]. Fig 5 shows the microcell performance. The sector capacity in this case is of 12 data users for an outage probability of 1 %.
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	Fig. 5: The outage probability of the sector 

(data users).


Due to the imperfect power control, the sector practical capacity is about 72 voice users or 10 data users.
4 Conclusion
We have presented a model that gives the interference statistics and capacity of W-CDMA short tunnel cigar-shaped microcells. The effect of the sidelobe level of the base station directive antenna has been studied and it has been found that an antenna with a sidelobe level of -15 dB is a good choice. The capacity of the sector has been given both for voice service only and data service only.
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	Fig. 1: The sector and microcell coverage.

A- The sector coverage.

                                                           B-   The microcell coverage.
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	Fig. 2: The  microcell model.
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