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1. Introduction

In this contribution we present simulation results on UL cubic metric with BPSK, 8PSK and 16QAM on HSUPA channel structures. The contribution also discusses the UE transmitted implementation impairments and how they affect performance in practical deployment scenarios. Finally we also propose how to progress the work in selecting suitable higher order modulations for UL HSPA evolution in practical deployment scenarios.
The findings and proposals of this document are submitted to RAN4 meeting in [4] as well.
2. UL RAN4 Studies

In the past RAN4 has quite extensively studied the UE PA implications due to different UE Tx requirements. For making conclusions on this area has typically required quite notable amount of simulation and alignment work between the companies. We expect this to be the case for UL higher order modulation work as well. Thus, we feel for ensuring that selected UL higher order modulation meets the expectations of practical deployment scenarios, it would be desirable to evaluate and compare different higher order modulation options (namely 8-PSK and 16QAM) including the most essential implementation impairments. 
Figure 1 presents Cubic Metric CDF curves for BPSK, 8-PSK and 16QAM per E-DCH category for all gain factor combinations (including impractical gain factor combinations). From these CM distributions we can observe that probability for higher CM value for a given category increases when changing to higher order modulation. We also know that increased CM levels indicate larger PA back-off needs as discussed several times in both the RAN1 and RAN4. Therefore we feel that before concluding the higher order modulation selection for the HSPA evolution SI it would be useful to do further investigations whether 8-PSK or 16 QAM is actually more attractive for practical deployment scenarios. 
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Figure 1 CM distribution comparison between BPSK, 8-PSK and 16QAM
In order to understand whether e.g. 8-PSK or 16 QAM is more suited for practical UL HSPA evolution scenarios, it would seem beneficial to discuss and agree on common simulation assumptions for investigating the impacts of UE TX implementation impairments on the practical performance. In this way it is less likely that late revisions either to the assumed deployment scenarios or other assumptions are needed.
3. Conclusions

In this contribution we present simulation results on UL cubic metric with BPSK, 8PSK and 16QAM on HSUPA channel structures. The contribution also discusses the UE transmitted implementation impairments and how they affect performance in practical deployment scenarios.

In E-UTRA work system impacts due to implementation impairments have been studied substantially already in the SI phase and even the selection of uplink multiple access scheme was linked to peak-to-average power ratio discussions as it was seen that implementation impairments have considerable impact on performance in real life scenarios. We propose that similar approach as in the LTE work for starting implementation impairments studies already in the SI phase would be used in the HSPA evolution work as well. We believe that in this way it is possible to select suitable DL higher order modulation solutions for practical deployment scenarios rather than for ideal conditions.
In order to progress the work we would like to suggest that common simulation assumptions between the companies would be agreed in the RAN1 and RAN4 Riga meetings. These simulation assumptions should represent expected typical HSPA evolution deployment scenario(s) relatively well. Therefore, operator input in the scenario discussion is essential. 
Similar conclusions and proposals for the study of higher order modulations for downlink are presented in [5].
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