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Introduction

There are two basic quality measures for the W-CDMA radio interface, the CPICH RSCP and the CPICH Ec/No or Ec/Io as described in 3GPP TS 25.133. The specified cell selection and cell re-selection procedures are based on these quantities and so are the predefined events that can be used to trigger measurements for the handover procedure. The RSCP will give information about the coupling loss, but it says nothing about the interference, and the Ec/No will give a composite measure of coupling loss and interference, however without considering the effect of the OVSF (Orthogonal Variable Spreading Factor) codes that provide extra interference suppression between users connected to the same cell. As will be shown in the subsequent sections of this document, the CPICH RSCP is closely related to the uplink quality and the CPICH Ec/No to the downlink quality. For W-CDMA, it is possible for either the uplink or the downlink to fail while the link in the opposite direction experiences absolutely no problems whatsoever. Due to this property of the radio interface, both the CPICH RSCP and Ec/No are needed for a complete evaluation of the quality of a certain cell.

The W-CDMA uplink

For the W-CDMA up link, the interference is received at the Node B, and is thus the same for all links in that cell. Ideally then, the same received power at the Node B would be required for all links with the same SIR target. The received interference level will vary between the cells, but since the number of UEs can be expected to be large compared to the number of cells, and due to the similar placements of Node B antennas, this variation is relatively small. At low to medium loads, the noise rise at the Node B is typically between 0-5 dB (see Figure 1), to be compared with the at least 50-60 dB range of the coupling loss. This means that the UE output power mainly will be determined by the coupling loss (see Figure 2) to the Node B. Since uplink coverage is limited by the UE output power, the uplink quality will be strongly dependent on the coupling loss and hence on the CPICH RSCP. When different CPICH output powers are used throughput the network, the quality estimate provided by the CPICH RSCP will of course suffer an additional error factor equal to the CPICH power offsets between the various cells. In Figure 3, it is clear that the uplink is best characterised by the CPICH RSCP, and that the CPICH Ec/No does not provide a good estimate of uplink quality.

The W-CDMA downlink

The W-CDMA downlink differs from the uplink in many ways.

· In the down link, the interference is received at the terminal, and is thus different for different locations within the network. The interference level is significantly higher at the cell border than at the cell centre, due to other cell interference. At the cell border, the other cell interference may be as much as three times larger than the interference from the home cell.

· Another aspect is that all the downlink power transmitted in the serving cell, except the own signal, will be recieved as interference. This interference will be subject to exactly the same coupling loss at every instant as the signal. The effect of this own cell interference will be reduced by the OVSF codes, which ideally cancel all own cell interference (except from P-SCH and S-SCH). Under realistic conditions the OVSF codes cancel about 50% of the interfering own cell power.

· Further, there is a floor of interference caused by the non-power controlled control channels, such as CPICH, CCPCH, P-SCH, S-SCH and so on. This means that even at low load there is a substantial amount of interference, many, many times larger than the receiver noise power.

· The total available transmission power is normally at least 100 times larger at the Node B than in the terminal.

As a consequence of these facts, the link power for the down link will not be proportional to the coupling loss between best serving cell and terminal, as can be seen in Figure 2. Instead, the downlink power always has to match the interference level, which due to own cell interference is large even close to the cell centre. Looking at Figure 2, it is clear that the downlink output power shows only a weak dependence on the coupling loss, quite different from the uplink. From Figure 3, we can see that the CPICH Ec/No provides a good estimate of downlink quality, and that CPICH RSCP cannot be used.

Simulation results

The simulations presented here are based on scanner measurements in the real live W-CDMA network in Stockholm. Roughly 13000 measurement points where collected in an area where 165 different cells provided coverage. Based on these measurements, uplink and downlink output powers for the speech service where predicted, assuming a low load in accordance with an initial traffic situation.
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Figure 1. CDFs for simulated noise rise for different loads. The load parameter ctot/Pnoise is the total signal power from users in the own cell relative to the noise power.
[image: image2.wmf]
Figure 2. Predicted necessary transmission powers for the downlink and uplink based on scanner measurements in Stockholm. Clearly, the link power for the uplink is proportional to the coupling loss, whereas the link power for the downlink shows only a slight dependence. The small spread around a fixed slope line that can be observed for the up link powers is caused by different interference levels in different cells.
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Figure 3. Downlink and uplink transmission powers plotted agaist CPICH RSCP (left) and CPICH Ec/No (right). The uplink power appears inversely proportional to CPICH RSCP, and the downlink power is strongly dependent on CPICH Ec/No. Different CPICH power settings are used in the network. This is the reason for the apparent alignment of the downlink data to at least two clearly different curves (right-hand plot).
Conclusion

The simulations based on scanner measurements in a real live W-CDMA network as well as operations of UMTS/3G networks with cell re-selection and handover to GSM both in Sweden and Finland show that it is needed to use a threshold for CPICH_RSCP for UTRAN FDD cell re-selection e.g. by invoking the HCS measurements rules. Since all current test requirements are based on the basic measurement rules, new test requirements need to be designed by RAN4.

On the GERAN side an FDD_REP_QUANT=2 is needed for reporting UTRAN FDD based on both CPICH Ec/No and CPICH RSCP as proposed in CR 45.008-205 [GP-040586], CR 45.008-206 [GP-040587] and associated signalling support in CR 44.018-322 [GP-040726], CR 44.060-500 [GP-040727], CR 44.018-323 [GP-040728] and CR 44.060-501 [GP-040729].   
