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1 Introduction

The new Work Item “Introduction of 16QAM in HSUPA (FDD)” [1] proposes to introduce higher order modulation in the UTRA uplink. The use of 16QAM would in principle allow an increase in the peak uplink data rate by a factor of 2. 

In this document we discuss some of the transmission power setting issues related to the introduction of 16QAM, in particular in relation to the uplink pilot bits. 

2 Discussion

The Rel-6 specifications allow the E-DPDCH transmission power to be adapted relative to the DPCCH power, depending on the selected E-TFC. The DPCCH transmission power is set by the inner loop power control according to a set-point determined by the outer loop power control; the set-point is typically relatively slow to adapt. 

As pointed out in [2] and [3], the optimal pilot power set-point varies significantly depending on the selected data rate, especially if 16QAM is used. It is not efficient to increase the data power by a large amount if the pilot power remains unchanged. This is particularly an issue if the data rate is changing dynamically from TTI to TTI (including changing modulation scheme between BPSK and 16QAM) with a 2ms subframe, as the set-point for the power control cannot be adapted quickly enough. 

It therefore seems necessary to introduce the ability to adapt the available pilot power dynamically depending on the selected E-TFC. 

Three possible solutions are suggested in [3]. In summary these are:

1. A dynamic boost of the DPCCH power

2. A dynamic boost of the E-DPCCH power

3. An additional uplink code channel carrying a supplementary pilot signal

Of these solutions, the additional uplink code channel carrying a supplementary pilot signal seems the least attractive, due to the impact on the peak-to-average ratio (or cubic metric) of the UE’s transmissions. 

A dynamic boost of the DPCCH power in sub-frames when the E-DPDCH data rate is particularly high would in principle provide the most logical solution, as the transmission power of the existing pilot bits would be increased and no new processing would be needed in the Node B. However, if the DPCCH power offset is applied autonomously by the UE, the closed-loop power control would automatically counteract the offset. It is possible that some measures could be applied to avoid this problem, for example:

· setting the DPCCH power offset according to the current E-DCH grant, rather than the actual E-DPDCH transmission rate. This would mean that there could be some excess DPCCH power if the UE did not use all of its grant, but at least the Serving E-DCH cell (and presumably other cells of the same Node B) would know what DPCCH power to expect and could adjust the SIR target accordingly. The presence of some excess DPCCH power in situations of low rate but high grant is much less of a problem than not having enough pilot power when the data rate is high. 

· modifying the UE’s response to some of the received TPC commands. For example, the UE could ignore “down” commands for the first 2 or 3 slots after boosting the DPCCH power, and ignore “up” commands for the first 2 or 3 slots after removing the DPCCH power boost. If the power boosting was carried out in response to the grant rather than the actual transmission rate, as mentioned above, then this modification of the power control behaviour would only need to apply to power control commands received from non-serving cells (or even only from non-serving cells that are not in the serving E-DCH RLS).

A dynamic boost of the E-DPCCH power has the advantage of avoiding the need for modifications to power control behaviour associated with the application of dynamic boosting of the DPCCH power. This method relies on the Node B being able to make use of the E-DPCCH after decoding as an additional reference signal to improve the phase estimate for decoding the E-DPDCH. This inevitably therefore results in some additional delay for decoding the E-DPDCH, although the magnitude of this additional delay is likely to be implementation-dependent. The performance may also be slightly inferior to the DPCCH offset due to the presence of E-DPCCH decoding errors. Channel tracking performance for high speed users may be implementation dependent. 

The configuration of a power offset on either the DPCCH or the E-DPCCH could be either according to rules defined in the specifications, or configured semi-statically by RRC signalling. 

In principle, a number of different offsets could be defined for different E-TFCs or E-TFC ranges. Further investigation is needed as to how many offsets would be useful. One possibility would be to configure just one offset for use in the sub-frames when 16QAM is applied (or when the E-DCH grant or E-TFC is above a certain threshold).  

3 Conclusions

In principle, either a dynamic DPCCH boost or a dynamic E-DPCCH boost would appear to be worth considering further as methods to ensure that sufficient uplink phase reference energy is available to support high data rates.

The best performance is likely to be achieved by the DPCCH boost, provided suitable modifications to power control behaviour can be identified. These issues should therefore be investigated further; if they cannot be solved satisfactorily, an E-DPCCH power boost seems a satisfactory solution. 

Further investigation is required with regard to the number of different power offsets that would be required, and how they would be configured. 
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