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1 Introduction
In the previous RAN1 meeting initial discussion took place for enhanced MTC and the following agreements were made for UE power consumption aspects:

· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered
In separate contributions we address PSS/SSS and PBCH, and PRACH. In this contribution we give our views on the other issues related UE power consumption aspects and more specifically on potential power saving from introducing a new UL modulation scheme.

2 Discussion

In [1], we proposed to investigate further the potential benefits and drawbacks of introducing an uplink modulation scheme with lower peak-to-average power ratio (PAPR). 
From a power efficiency perspective, one would like to operate the UE PA with as little back-off as possible. However, the PA linearity is reduced as the back-off is decreased and since the required linearity increases with the modulation order, higher order modulations require larger back-off in the PA than modulations of lower order. 

Previous work for both UMTS and LTE in 3GPP has addressed this issue and adopted cubic metric as a measure for the needed back-off [2]. The reason for this is that the most severe effect from PA non-linearity is the third order modulation product desensitizing adjacent channels. Introducing lower order modulation schemes was already discussed for Rel-8, but since already from the beginning LTE PAs have been designed to meet the spectral output requirements when transmitting QPSK with 23 dBm and increasing the transmit power beyond 23 dBm could not be done, there was little reason to introduce modulations with lower spectral efficiencies than QPSK [3]. 
The situation for MTC is different since in order to optimize the power consumption for the MTC devices, one may be willing to sacrifice spectral efficiency. For example this could mean designing the PA to support full power with BPSK and allow the maximum transmission power of QPSK using the maximum power reduction (MPR) framework already defined in RAN4. In Table 1, cubic metric values for the Rel-8 modulations schemes are listed in addition to cubic metrics for modulation schemes known for lower PAPR. 

Table 1: Cubic metric values for different modulations schemes. 

	Modulation
(existing references)
	Cubic metric [dB]
	Modulation
(potential new)
	Cubic metric [dB]

	QPSK
	1.0
	π/2-BPSK
	0.21

	16QAM
	1.80
	GMSK
	-0.82

	64QAM
	1.96
	OQPSK
	0.78


While OQPSK gives a rather minor decrease in cubic metric, π/2-BPSK and GMSK give a reduced CM of 0.8 and 1.8 dB respectively and understanding the potential of these modulation schemes better deserves further study.
Common for both π/2-BPSK and GMSK compared to QPSK is that the spectral efficiency is reduced from 2 b/s/Hz to 1 b/s/Hz. It is known that QPSK and BPSK require the same Eb/N0. For coverage reasons many MTC scenarios will require repetitions in addition to channel coding. In such scenarios with the same coding rate, QPSK with N repetitions and π/2-BPSK with N/2 repetitions have the same data rate and thus spectral efficiency. Furthermore, given the same accumulated radiated power, these two alternatives have the same performance. However, the π/2-BPSK option needs lower input power to the PA due to the CM being reduced by 0.8 dB. The actual power saving and increased battery life one would get from such a reduction in back-off will depend on the PA implementation, but power consumption reductions of 10-15% should be feasible, which is not insignificant.  
Observation:

· Introducing lower order modulations with lower PAPR and cubic metric has potential for significant power savings.

Based on this initial analysis, π/2-BPSK looks promising for MTC when repetitions are needed to extend coverage. It can achieve the same spectral efficiency as QPSK while improving the PA energy efficiency by 10-15%. We do not foresee any major issues with using it together with SC-FDMA. Furthermore, due to the even larger power saving potential for GMSK, it may also be worthwhile to investigate the potential benefits and drawbacks of introducing GMSK for LTE uplink from a power consumption and performance perspective.
Proposal:

· Discuss the potential benefits and drawbacks from a power consumption, complexity and performance perspective of introducing a new UL modulation scheme like π/2-BPSK or GMSK.

3 Conclusions

Based on the discussions in the contribution we make the following observations and proposals.
Observation:

· Introducing lower order modulations with lower PAPR and cubic metric has potential for significant power savings.

Proposal:

· Discuss the potential benefits and drawbacks from a power consumption, complexity and performance perspective of introducing a new UL modulation scheme like π/2-BPSK or GMSK.
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