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This document presents simulations of the capacity gain due to CPICH cancellation in an urban scenario. The simulations are geared towards the UMTS license requirements in Sweden, where a minimum signal strength of the CPICH is required for coverage. 

1. Introduction

The principle of CPICH cancellation was first considered in [1] as a means of increasing the downlink capacity. A number of subsequent documents studying different aspects of this feature has since then been presented in 3GPP. In this document we consider CPICH cancellation not from a technical implementation point of view but from an operator point of view, namely as a way of increasing the capacity of the network. This is done by studying the capacity in a network with and without CPICH cancellation. Thus, no emphasis is put on technical realisations or implementations but rather on the effects on capacity. 

It is well known now that the CPICH (and other necessary common channels) are quite troublesome since they are not power controlled and therefore their power settings become part of the network planning procedure instead. In Sweden, the coverage of the UMTS network is based on the signal strength of the CPICH. An area is covered if the signal strength of the CPICH is –85 dBm or above (with a 95% certainty). This means that there is a strong correlation between the cell sizes and the power allocated to the CPICH. In many circumstances, it is purely this requirement on the CPICH that sets the cell sizes and not any requirements on service availability. We therefore believe that CPICH cancellation can be a very important feature and certainly requires further study. This document presents initial studies performed at Telia to try and assess the CPICH cancellation and how an operator can benefit from it. 

The layout of the document is as follows. Section 2 discusses how the simulations have been performed and what assumptions have been made. Section 3 considers the connection between the power allocated to the CPICH and the cell radius. Section 4 presents the results of the simulations. The document ends with a discussion in Section 5.

2. Simulations

In this Section we describe the simulations and the assumptions we have made about traffic, radio environment, and behaviour of the network, e.g. concerning handover. We have performed static simulations in which the maximum surface outage for users in the downlink was assumed to be 3%. This will define the maximum possible cell radius for a given network load (or mean cell load). The maximum radius is found by varying the cell radius for a fixed load until the surface outage exceeds the specified maximum value. This is then repeated for different loads. 

The network consists of 16 sites with omni-directional antennas in a regular hexagonal pattern. Wrapping techniques are used to eliminate any boundary effects. Users are randomly distributed in a homogeneous pattern throughout the network. Shadow fading is taken into account ((=7 dB), but fast fading effects are not. No soft handover is assumed, instead a perfect hard handover is implemented. It is further assumed that the common channels, PCCPCH and SCCPCH, are transmitted with a 2 dB lower power than the CPICH. The effects of the SCHs are not considered explicitly.  When CPICH cancellation is in effects, all CPICHs are cancelled for all users. Parameters defining the users in the network are shown in Table 1 below. 

	
	Type of user
	Type of user

	Parameter
	SPEECH
	CS144

	Eb/No
	7.9 dB
	2.5 dB

	Bitrate
	12.2 kbps
	144 kbps

	Traffic mix
	0.8
	0.2

	Activity factor
	0.5
	0.1


Table 1. Assumptions concerning the traffic in the network.

The wave propagation model is PL=K1 + K2*log(d), where PL is the path loss and d the distance between receiver and transmitter. The constants K1 and K2 are listed in Table 2 together with other parameters for the radio environment used in the simulations. 

	Parameter
	Value

	(
	7 dB

	Orthogonality factor
	0.5

	K1
	29.83 dB

	K2
	35.22

	Max (surface) outage
	3%


Table 2. Assumed network parameters for the simulations.
2. Cell radius dependent CPICH power

As stated in the Introduction, it will be assumed that the signal strength of the CPICH is fixed in the network, i.e. the strength of the CPICH must be above a certain level everywhere in the network (with a 95% certainty). Simple calculations, which depend mainly on the chosen wave propagation model and assumed log-normal fading standard deviation, can be performed to determine the necessary output power of the CPICH for different cell radii. For a signal strength of –85 dBm for the CPICH in the network, the result is shown in Figure 1 below. When the cell radius is varied in the simulations to find the maximum cell radius, the CPICH power is thus also varied according to the curve presented in Figure 1. 
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Figure 1. The necessary CPICH output power when a signal strength of -85 dBm
everywhere in the network is necessary (with 95% certainty).

3. Capacity gains from CPICH cancellation

In this Section we present the results from the simulations. We compare the maximum cell radius for the cases of no CPICH cancellation and when CPICH cancellation is employed, see Figure 2. The common channels are not affected, of course.
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Figure 2. The capacity gain due to CPICH cancellation in an urban environment.

The gain in capacity is obvious. The maximum possible cell radius is about 50m bigger for most cell loads. If we instead consider a fixed cell radius, the gain in possible cell load is quite striking, see Figure 3. 
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Figure 3. The increase in possible cell load at a fixed cell radius relative
to the case when no CPICH cancellation is employed. 
5. Conclusion

In this document we have reported on simulations on the gain in downlink capacity due to CPICH cancellation in a UMTS network. The scenario is according to the licensing requirements in Sweden but the results clearly show that there is a considerable gain in system capacity due to the CPICH cancellation. We therefore would like to support further study of the CPICH cancellation technique for inclusion in future 3GPP releases. 

References

[1] R1-001371, “CPICH interference cancellation as a means for increasing DL capacity”




