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1. Introduction

In order to optimise uplink performance for the DPDCH it is important to set the power level of the DPCCH correctly. Too low a power will give insufficient pilot energy for reliable channel estimation at the Node B, while too high a power will waste energy and create unnecessary interference to other users.  Currently the DPCCH power is primarily under the control of the network, which sets a SIR target for the reception of the pilot symbols. This document considers additional requirements arising from the introduction of the E-DCH.  

2. Discussion

In general as shown in [1], and illustrated in Figure 1, the DPCCH power should be increased as the uplink rate is increased (either on DPDCH or E-DPDCH). In R99, the SIR target would be chosen according to the expected uplink data rate and could be adjusted to take into account the prevailing channel conditions. 
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Figure 1: Example of DPCCH power settings for different DPDCH bit rates

Note that in R’99 the uplink data rate, or at least the maximum rate, is configured by RRC signalling and is not likely to change frequently.

Figure 2 illustrates the same requirement to increase DPCCH power as E-DPDCH rate is increased, in the case where no DPDCH is present.
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Figure 2: Example of DPCCH power settings for different E-DPDCH bit rates

Since the instantaneous E-DCH bit rate may vary considerably with time, this suggests that some dynamic re-configuration of DPCCH power would be needed (as suggested by the dashed lines). In [1] it was proposed to add a new pilot channel when transmitting a high rate E-DPDCH. Here we propose a mechanism for rapidly changing the DPCCH power according to E-DPDCH activity.

This would have the advantage of allowing the Eb/No of the E-DPDCH+DPCCH to be optimised, at the same time as minimising interference caused by the DPCCH when running with no (or low-rate) E-DPDCH. It avoids having to run the DPCCH at higher power than necessary in the absence of the E-DPDCH simply in order to ensure that enough pilot energy is available when the E-DPDCH is transmitted. 

3. Proposal

In outline, we propose that the UE raises the DPCCH power when starting to transmit a high rate E-DPDCH. Unfortunately, without further measures, such a power change would be removed by closed loop power control. Therefore in addition we propose that the Node B SIR target is raised at the same time. Conversely when the E-DPDCH rate falls, the UE drops the DPCCH power and the Node B SIR target is reduced. 

In order that Node B and UE apply these power changes in a synchronised way, the power offset to DPCCH can be tied to the Absolute Grant(s) sent to the UE. Thus when the UE receives an absolute grant above a given threshold, it applies a power step in the DPCCH. When this grant expires, and is not replaced by another one, the UE applies a negative power step to the DPCCH. At the same time, while the absolute grant applies, the Node B raises the SIR target for the DPCCH. 

The signalling requirements for this functionality would be as follows:- 

· The power step to be applied to the DPCCH would be signalled to the UE by RRC (assuming “up” and “down” power steps are the same)

· The SIR target offset would be signalled to the Node B by RNC   

· The E-DPDCH threshold above which to apply the power offset (whether in terms of rate or power is FFS) would be signalled to both UE and Node B. 

· A means of enabling or disabling the scheme could also be applied (e.g. by making the parameters optional)

This scheme can co-exist in a reasonable way with R’99 DPDCH transmission at the same time as E-DPDCH transmission. As currently proposed the DPDCH power would be increased in proportion to the DPCCH power offset. So more DPDCH power would be transmitted than strictly necessary, but R’99 performance would not be degraded. However, this consideration suggests that the proposed scheme would only be beneficial if applied in the case of low (or zero) rate DPDCH and high rate E-DPDCH (as shown in Figure 3).
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Figure 3: Example of DPCCH power settings for E-DPDCH and low rate DPDCH
For high rate DPDCH and any rate E-DPDCH the DPCCH power should be high enough anyway (as shown in Figure 4), and the proposed scheme would not be needed.  
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Figure 4: Example of DPCCH power settings for E-DPDCH and high rate DPDCH

In the case of SHO, the Node Bs other than the serving Node B would be unaware of the offset applied to the DPCCH and the need to raise the SIR target, which reduces the potential benefit available in SHO. However, the performance in SHO would be no worse than without the offset scheme, and when not in SHO a useful performance benefit could be achieved. 

4. Conclusions

This paper highlights the need to set the correct pilot energy in the DPCCH in order to optimise E-DCH performance, as previously demonstrated in simulations.

A scheme is proposed where the power of the DPCCH can be increased whenever the UE is granted a high rate on the E-DPDCH.

This would be particularly beneficial in the case of low (or zero) rate DPDCH and high rate E-DPDCH.

The complexity, in terms of signalling and impact on Node B and UE, seems reasonable. 
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