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1 Introduction
RAN1 has asked RAN4 questions on the necessity of frequency domain spectrum shaping (FDSS) for QPSK for LTE UL, and the feasibility of power boosting beyond UE maximum power [1]. This paper discusses these aspects, and aims to facilitate further discussion in RAN4 when treating the RAN1 LS.
2 Discussion
Discrete Fourier Transform-Spread Orthogonal Frequency Division Multiplexing (DFT-SOFDM) based single carrier transmission was selected for LTE uplink because of its low power de-rating (low CM/PAPR) [2]. However, FDSS technique attempts to reduce the CM/PAPR further at the expense of increased signal distortion, resulting in throughput/spectrum efficiency loss [3-6]. 
Figure 1 shows the CCDF of PAPR for 5 MHz LTE UL signal with FDSS by RRC function, and the following can be summarized from Figure 1:

· LTE UL signal has higher PAPR than WCDMA signal, and the FDSS reduces the PAPR of the LTE UL signal. 

· PAPR reduction by FDSS is not significant for 16QAM.

· Large roll-off factor is desirable for QPSK to reduce PAPR. However, this will increase spectrum efficiency loss. With roll-off factor of 0.24, the PAPR reduction is about 0.6dB at CCDF of 0.1%.  
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Figure 1: CCDF of PAPR for 5 MHz LTE UL signal with FDSS (by RRC function)

The PAPR reduction by FDSS may be beneficial to extend the coverage if UE is allowed to operate beyond the maximum transmit power (ie., power boosting beyond nominal maximum power). However, the following issues should be addressed, when considering UE power boosting beyond the nominal maximum power with FDSS:

· Increased UE complexity due to FDSS, and PA implementation
· Regulatory limitations. 

· Tighter SEM

· Multiple ACLR requirements depending on the number of boosted power levels.

· Increased standardization efforts
Further, some operators proposed for single UE power class for LTE in order to simplify network planning and optimizations [7-8]. Whether single UE power class for LTE is to be selected or not, the power boosting beyond the nominal maximum power will not help to simplify network planning and optimizations.  It should be also noted that the percentage of time UE spent operating at max power is quiet low in a real network [8]. Therefore, the benefit of power boosting beyond the nominal maximum power may not be significant. 

3 Conclusion

We propose the following answers to be considered when addressing the RAN1 questions in [1].

· With an “HSDPA” PA or a potential LTE PA, can a UE transmit QPSK with no FDSS assuming a low number of resource blocks with the maximum transmit power or are FDSS or (/2 BPSK needed in order to achieve the maximum output power? 

No, a UE can not transmit QPSK with no FDSS with the maximum transmit power. QPSK with FDSS reduces the PAPR, and this will enable the UE to increase its transmit power. However, the PAPR reduction is not so significant, and the UE with FDSS is still not be able to transmit QPSK at maximum transmit power. Further, bandwidth efficiency loss due to FDSS should be taken into account.       
· If reaching the UE maximum transmit power is possible for QPSK with no FDSS, about the feasibility of increasing the UE output power beyond the nominal maximum output power. 

It is not feasible option to increase the UE output power beyond the nominal maximum output power at any circumstance, since this power boosting will increase UE complexity, and result in tighter regulatory requirements.      
· If increasing the UE output power beyond the nominal maximum output power is determined feasible, what level of power increase is acceptable?

This is not feasible.
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