Path Loss Effect on W-CDMA Uplink Capacity
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Abstract: - Simple formulas to study the uplink capacity dependence on the path loss are given. The case of voice users only and data users only (144 Kbits/sec.) are studied. For macrocells it is noted that the capacity depends on the maximum path loss. Up to 140 dB of path loss the capacity is almost constant, but  higher path loss values produce a decay of capacity. A macrocell radius of 1 km can be selected  with very little performance degradation.
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1   Introduction

In the conventional analysis, the uplink capacity of the W-CDMA system is assumed to be constant whatever is the macrocell radius. Because of the receiver noise the macrocell radius should be limited to a given value to prevent the degradation of the macrocell performance. Kim et al [1] studied the effect of the path loss on the downlink performance for the 3GPP system, where we can notice a capacity dependence on the path loss when the path loss reaches a given value. They noticed that the downlink capacity decreases when the path loss is higher than 120 dB. In this work, we study the effect of the path loss on the W-CDMA uplink performance assuming a 3 sector macrocell.
2   Uplink analysis 
Imperfect power control is assumed. In our analysis, we assume that the users are uniformly distributed within the macrocells and that the propagation power law is 3.5. The maximum power transmitted by a mobile user is assumed to be Pmax. The received signal (Pr) of the user under consideration is given as
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where

• G1 is the effective gain of the base station antenna,

• G2 is the gain of the mobile station antenna and

• L is the path loss between the mobile user at the edge of the macrocell and the base station.

The multi-user interference (Pint) is given by

 
[image: image2.wmf]s

u

r

F

N

P

P

a

k

)

1

(

int

+

»

 


(2)
where

• (  is the other macrocells interference factor  ≈ 0.66 [2],
• Nu  is the number of the uplink users/microcell and

• (  is the mobile source activity factor.
• Fs  is the sectorization interference reduction factor ≈ 0.42 for three sectors macrocell.

The noise of the base station receiver is assumed to be N. Taking the imperfect power control into account, the ratio (Eb/No) is given as
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where

• Gp is the processing gain and

• ε is the useful part of the received signal used in demodulation ≈ 0.9375 (6.25% of the signal power is assigned to the pilot).

• Pcf is the power control factor given by
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where

• β = ln(10)/10,
• σc is the power control standard deviation error ≈ 1.5 dB.

From (1) we can notice that the received signal depends on the path loss and for this reason, the ratio (Eb/No) also depends on the path loss. The uplink capacity is the maximum number of users that gives the required (Eb/No)req. 
3 Numerical Results
In our analysis we assume the following

• G1 = 15 dB (3 sectors),

• G2 = 0 dB.

• N = -102 dBm.

Firstly,  we study the case of the voice users where we assume the following

• Gp = 256

• ( = 0.65
• (Eb/No)req = 5 dB [3].

• Pmax = 0.25 W.

Fig. 1 shows the performance of the uplink with voice users only as a function of the path loss . We can notice that the uplink macrocell capacity is practically   constant for path loss less than 140 dB. When the path loss increases, the capacity decreases monotonically.
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	Fig.1 : The uplink capacity for voice users only.


To study the effect of the distance on the uplink performance, we consider a propagation model for macrocell.  The path loss for a macrocell radius R (km) is given as 
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where σsh is the shadowing standard deviation assumed to 8 dB.
Fig. 2 shows the effect of the distance on the uplink capacity. We can notice that the capacity is practically constant for macrocell radius up to  0.9  km and then it starts to reduce monotonically.
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	Fig. 2 : Uplink capacity versus macrocell radius (voice users).


Secondly, we study the case of data users with bit rate of (144 kbits/sec.) where we assume the following

• Gp = 26.6.

• α = 1.
• (Eb/No)req = 3 dB [3].

• Pmax = 0.5 W.

Fig. 3 shows the performance of the uplink with data users only as a function of the  path loss. We can notice that the uplink macrocell capacity is practically   constant for path loss less than 145 dB. When the path loss increases, the capacity decreases monotonically. 
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	Fig.3 : The uplink performance for data users only with bit rate of (144 kbits/sec.).


Fig. 4 shows the effect of the distance on the uplink capacity. We can notice that the capacity is practically constant for cell radius up to  1.2  km and then it starts to reduce monotonically.
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	Fig. 4 : Uplink capacity versus macrocell radius (data users).


From the upper mentioned results we can deduce that, a macrocell radius of 1 km can be used with very little capacity degradation. 
4 Conclusion
Simple formulas to study the uplink capacity dependence on the path loss have been given. The case of voice users only and data users only (144 K bits/sec.) have been studied. For a macrocell it has been noted that the capacity depends on the maximum path. Up to 140 dB of path loss the capacity is almost constant, but  higher path loss values produce a decay of capacity. A macrocell radius of 1 km can be selected with very little performance degradation.
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