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1 Introduction

At the RAN1#79 meeting, it has been agreed that RAN1 would like to ask RAN4 to provide guidance on potential benefit of restricting supported modulation order for MTC to QPSK for UL and/or DL [1]. At the RAN4 #74, there were two related contributions discussed [2], [3].
This contribution describes Sony’s view on the suitable modulation schemes for MTC in particular from the power amplifier efficiency and the MTC peak data rate target.
2 Discussion
Power Amplifier Efficiency
Power amplifier (PA) of a wireless communication device is a component that consumes relatively high power consumption [4]. The operation of a power amplifier with higher efficiency is always desirable. One way to achieve this is by using a modulation scheme with constant envelope so that the PA can still be operated in its linear region and results in higher efficiency PA and longer battery life. Increasing the modulation order will also increase peak-to-average power ratio (PAPR) and low cubic metric (CM) factor [5], [6].

The relation of PAPR (in dB) and power amplifier efficiency η can be theoretically expressed as [7]:
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Assuming the ηmax [6]of a low cost MTC PA in a single chip solution with a narrow band CW signal can achieve ηmax =78.5% and the PAPR results in , we can obtain the PA efficiency when the following various LTE uplink modulation schemes are used as shown in Table 1.
Table 1: PAPR and Power Amplifier Efficiency
	Modulation
	PAPR 99.9%
	PA Efficiency

	π/2 BPSK
	4.5 dB
	46.76%

	QPSK
	5.8 dB
	40.26%

	16QAM
	6.4 dB
	37.57%


Limiting the maximum modulation scheme to QPSK provides better PA efficiency and is also relaxing the EVM requirements. It can be observed that the higher PAPR of 16QAM compared to QPSK, results in lowered PA efficiency of around 2.7 percentage points. The reason is that 16QAM requires larger PA back-off due to the higher PAPR.  On the other hand, the lower order modulation scheme (i.e. π/2 BPSK) results in PA efficiency improvement of ~6.5 percentage points compared to QPSK. This is considered as relatively high improvement in the area of power amplifier study. Lower order modulation is targeting to the applications that only require small packet size data transmissions.

Observations 1: QPSK gives better PA efficiency than 16QAM. However, the efficiency improvement is not substantial. At least, it is not as substantial as when the modulation scheme is reduced further to π/2 BPSK.
Peak Data Rate

LTE Category 0 or MTC device has 1 Mbps peak data rate for both uplink and downlink. The bandwidth is also restricted to 1.4 MHz or equivalent to 6 RBs. If the maximum modulation scheme is restricted to QPSK, the entire 6 RBs must be used in order to reach ~1 Mbps peak data rate [8]. However, the smaller size of RBs can be used if 16QAM is considered.
Another consideration is the new downlink control channel design consideration for MTC. There are two proposals: enhanced PDCCH (ePDCCH) and shifted narrow band PDCCH (NC-PDCCH) [9]. In case of ePDCCH, 2 RBs are allocated for PDCCH and only the remaining 4 RBs are used for PDSCH. Then, it becomes important to support 16QAM.
Observations 2: Restricting the modulation scheme to QPSK forces MTC to use all of the allocated RB. The usage of 16 QAM can reduce the required RBs, thus increase the cell spectral efficiency.

Based on the above two observations, we propose:

Proposal 1: MTC to support QPSK and 16QAM for both uplink and downlink also to consider the usage of lower order modulations (e.g. π/2 BPSK, GMSK).

3 Conclusion
In this document, we provide our analysis on MTC modulation schemes, in particular on power amplifier efficiency and the target peak data rate. We found the following observations:

Observations 1: QPSK gives better PA efficiency than 16QAM. However, the efficiency improvement is not substantial. At least, it is not as substantial as when the modulation scheme is reduced further to π/2 BPSK.
Observations 2: Restricting the modulation scheme to QPSK forces MTC to use all of the allocated RB. The usage of 16 QAM can reduce the required RBs, thus increase the cell spectral efficiency.

Based on the above two observations, we propose:

Proposal 1: MTC to support QPSK and 16QAM for both uplink and downlink also to consider the usage of lower order modulations (e.g. π/2 BPSK, GMSK).
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