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1 Introduction
In the previous RAN1 meeting, we presented results [1], showing that introducing lower order modulation techniques could improve battery time for UEs by 13% and 24% for π/2-BPSK and GMSK, respectively. We also discussed that the envelope tracking power amplifier technique has the potential of power saving for all non-constant envelope techniques. In this contribution we discuss further whether to introduce new modulations schemes for reducing the power consumption of LTE MTC or rely on implementation enhancements.
2 Envelope tracking
2.1 Efficiency improvement

Using the same PA model for a commercially available PA as in [1], we simulated ideal envelope tracking to find the resulting PA efficiency for π/2-BPSK and QPSK from using this technique. The results are shown in Table 1. The extra power consumption for the additional HW needed, but this should be a quite similar reduction for both modulation schemes.

Table 1: Efficiency improvement with ideal envelope tracking. 

	Modulation
	PA efficiency without envelope tracking[%]
	PA efficiency with envelope tracking [%]

	QPSK
	36
	52

	π/2-BPSK
	43
	52


We clearly see that envelope tracking in itself is a powerful power efficiency technique and that it makes QPSK equally power efficient as π/2-BPSK.
Observations:

· Significant power savings can be achieved with envelope tracking PAs

· With envelope tracking QPSK can be made as efficient
2.2 Complexity 
The main drawbacks of envelope tracking are:

· Increased HW complexity and cost for the components needed to control the PA supply voltage

· Increased calibration effort to align timing of TX-signal and ET-signal
This is why envelope tracking has been considered a high end technique and would therefore not be considered as applicable to low cost devices. However, with low cost devices only supporting a 1.4 MHz bandwidth, both HW complexity and calibration effort will be reduced compared to high end LTE devices that support on or more 20 MHz carriers. 
Observation:

· Envelope tracking will increase device costs and calibration effort
3 Conclusions
Based on the discussion above and in order to reduce power consumption while maintaining as low cost as possible, the introduction of lower order modulations schemes for PUSCH should be further discussed.

Introducing a new modulation scheme will mean additional work in both RAN1 and RAN4. The impact to RAN1 specifications is likely smaller, but RAN4 would need to develop test requirements for the new modulation schemes which would require some time there.
Given the amount of work left for completion of the work item, it needs to be carefully considered if the gains from introducing new modulation schemes justify adding additional work to the already large effort Rel-13 work item. Lower order modulations can anyway be introduced in future releases with no backwards compatibility issue.
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