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1
Introduction

RAN WG1 discussed an improved uplink power control at power control limits during its last meetings. RAN#10 in Bangkok decided, that the proposal could be introduced in release 4 under the work item “RAN small technical enhancements and improvements”. 

The proposal consists in changing the UE behaviour when it operates in FDD mode close to its power control limits. It has been shown in different papers that the proposed behaviour improves the link quality in the upper power control limit case and reduces intra-cell interference in the lower power control limits case. Basically,  if the power control range of the UE is exceeded due to a change of the transmitted data rate, the UE maintains an estimate of the power which it would use if there was no such power limitation. Once the data rate changes back, the UE uses this estimate rather than the actually used power level (which was clipped) for the calculation of the new output power and thus gets much closer to the actually required power level.

Due to the performance improvement which can be obtained in these scenarios, RAN WG1 agreed in principle the corresponding CR in [2]. As there was a contribution that suggested to check with WG4 regarding whether it would be necessary to include some signalling in order to prevent UEs from using the improvement in R99 networks (but only use it in a R4 network) and to check whether additional performance requirements are needed a corresponding LS [3] has been sent.

2 Impact on RRC management in RNC

The first question in the LS raises the issue whether the RNC radio resource management could be affected because a R99 RNC may not be aware of the improved power control, this is discussed in the following subsections:

2.1. 
Existing ambiguities in UE power control operation

Even now there are various reasons why the exact power control operation of the UE as seen from the network cannot be predicted. In particular the following effects make such a prediction infeasible: 

· The UE may misinterpret TPC commands due to TPC detection errors.

· Due to fading, the power changes seen by the network will differ from the power changes executed by the UE.

· The UE may be unable to (fully) execute the TPC command because it hits the upper or lower power control limit. Thus the UE may either only execute smaller power control steps than ordered or no steps at all. Because the RNC is unaware of the instantaneous coupling loss, it is unable to predict when this will happen. 

· The UE may change the TFC and as a consequence the output power, typically without giving information to the network in advance (the network gets an explicit indication via the TFCI, but can only detect it after reception of the frame).

· At the lower power limit the behaviour of the UE is not specified strictly, the only requirement is that when required to further reduce its power, the UE shall not increase its power but implement either an nominal power down step or no change at all or anything in between. The network does not have any awareness of the particular implementation chosen in a UE, in fact the UE behaviour may depend on several factors like the commanded step size or the previous power level.

The latter point is illustrated in the following figure, where it is assumed that the UE constantly receives power down commands. The area of the allowed observed output power is indicated by the shaded area. Note that the "ordinary" allowed margin on the power control steps as defined in TS 25.101 [4], chapter 6.4.2 "Inner loop power control in the uplink" is not shown in the figure.
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The UE implementation was given this freedom, because any attempt to improve the power control behaviour at that point was felt to be valuable, even if the network may not be fully aware of which option the UE manufacturer has decided to implement. 

When this issue had been discussed at WG1#14 in Oulu [1], it was pointed out that the network will no longer be able to predict the UE behaviour exhaustively. Still it was decided to allow the UE to perform better than the network may expect because this will be the better overall solution. The same is true for the optimisation of the power control at power limits that is discussed now.

2.2. 
Impact on RNC operation

The RNC implementation anyhow has to cope with uncertainties as described above. The RNC behaviour is not exactly specified in order to allow proprietary optimisations even after completion of the standard, because experience from large, fully operating networks will only become available then. These optimisations will of course have to take into account that the UE power behaviour cannot be fully predicted by the network.

In the LS [3] it has been discussed whether it would be worth wile to make the UE only use the improved uplink power control at power control limits, when it is in a R4 network but not in a R99 network, sacrificing the associated performance gain in R99 networks. Now mechanisms have been presented that could cause a deterioration of the R99 network, in case the optimised algorithms are used by the UE. So it is unlikely that such a degradation would exist at all and it is extremely unlikely that such a degradation would outweigh the clear advantages of the proposal which were observed in link-level simulations. Anyhow, even in the unlikely case that some specific RNC implementation could face some problems (e.g. due to a bug that only becomes apparent in such a scenario), there will be plenty of time to correct it until the first R4 UEs will eventually hit the market (several software updates can be expected to be implemented to optimise the network performance making use of the experience gained until then).

It is therefore proposed to answer back to WG1 that a R4 UE can be allowed to also use the improved algorithm in a R99 network because no evidence exists that this could cause any problem. 

3
Relevant Performance Requirements

Another question raised in the LS is whether the introduction of an improved uplink power control at power limits would affect the relevant performance requirements. 

The WG4 performance requirements give detailed requirements on the limits of the executed step sizes as compared to ideal (nominal) step sizes ([4] Chapter 6.4 "Output power dynamics"). These requirements primarily affect the RF and baseband implementation, in particular proper calibration and linear operation is required. There are only implicit requirements on the calculation of the desired nominal power level based on the preceding power level and the received TPC commands. 

Both the recently discussed power control performance enhancement can be regarded as being orthogonal to these requirements i.e. they do not affect any accuracy requirements in the baseband or RF part of the UE but are only concerned about calculating the nominal power level. Therefore no introduction of new performance requirements are felt to be necessary. Similarly there are no requirements specifying the accuracy of the arithmetic involved in determining the power control step when power control algorithm 2 is being used. It should be noted that the implementation of all the associated arithmetic in the digital domain is much simpler than the proper fine-tuning of the analogue components.

This suggests that the introduction of the improved power control at power limits would not mandate any new performance requirements and in particular no impact on WG1 is foreseen..

4
Proposal

It is proposed to communicate to RAN WG1 (CC WG2), that no problems are foreseen, if the improved uplink power control at power control limits is implemented in a R4 UE, even if it operates in a R99 network. Therefore no additional signalling should be required. Further more WG1 should be informed that no additional requirements are anticipated for the power control operation at power limits.
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