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1. Introduction 
The Rel-15 specifications for efeMTC support sub-PRB transmission, which includes the options of 6-subcarrier QPSK, 3-subcarrier-QPSK and 2-subcarrier pi/2 BPSK transmission formats. These transmission formats have a lower PAPR than the minimum Release-14 format (12-subcarrier QPSK). The lower PAPR improves the power efficiency of the efeMTC PUSCH transmission, allowing higher power transmission for such a sub-PRB waveform. 
There are currently no MPR specifications for sub-PRB transmission for power class 5 MTC devices in TS36.101 [1]. Power class 5 devices are of particular interest for MTC as this class of device is well suited to single-chip solutions with an integrated PA. Simulations on realistic PA models indicate that when such devices transmit sub-PRB waveforms, they can achieve SEM masks while transmitting greater than 20dBm. Hence it is proposed to specify MPR values for class 5 MTC devices, allowing transmission at up to 23dBm when sub-PRB waveforms are applied. An accompanying CR is provided in [2]. 
2. MPR results
Simulations were performed on realistic PA models for MTC devices. Since the target for a power class 5 device is a single chip solution, the IQ image rejection and LO leakage are calibrated and the PA is calibrated and biased for operation with the sub-PRB waveform. This is a realistic calibration and biasing method for a power class 5 device operating in a single chip solution.
[bookmark: _GoBack]Measurements were made of the maximum output power that could be transmitted as a function of the number of tones in the sub-PRB transmission. The sub-PRB transmission occupied the outer edge of the outer narrowband of the LTE carrier: this is the worst case for spectral emissions into the adjacent band. The results are summarized in Table 1. These results were found to be applicable to both Cat-M1 and Cat-M2 devices. 
Table 1: Measured Maximum Power Reduction (MPR) for category M1 and M2 UE for Power Class 5 using sub-PRB transmission
	Modulation / tones
	MPR (dB)
	notes

	2 tones BPSK
	 -3 ≤ MPR ≤ 0dB 
	Transmit power = 23dBm

	3 tones QPSK
	-3 ≤ MPR ≤ 0dB
	Transmit power = 23dBm

	6 tones QPSK
	-2.5 ≤ MPR ≤ 0dB
	Transmit power = 22.5dBm

	12 tones QPSK
	0
	Baseline in 36.101

	72 tones QPSK
	≤ 2dB
	Already specified in 36.101



The results show that the class 5 PA can transmit at more than 20dBm with a sub-PRB waveform. This is best expressed as a negative MPR. The MPR results obtained for multi-RB waveforms (specifically the 72-tone / 6RB waveform) are consistent with those results already specified in TS36.101.
Proposal: For a power class 5 Cat-M1 or Cat-M2 UE, the values in Table 1 are used to specify the MPR for sub-PRB transmissions.

3. Discussion
The simulations that are summarized in Table 1 show that when sub-PRB transmissions are applied, a power class 5 UE can transmit at a higher power than its nominal 20dBm transmit power. Higher transmission power is desirable as it reduces the time required to send the UL data (the received energy per bit is related to the transmit power and transmission time, hence increasing transmit power reduces the transmission time required to achieve the same received energy per bit and hence achieve the same performance). Reducing transmission time directly increases UL spectral efficiency and increases battery lifetime (since the power-consuming overheads needed to operate the chip are required for a shorter time duration). These positive outcomes of transmitting with negative MPR are directly in-line with the work item objectives.
Observation 1: Specifying MPR values for sub-PRB transmission for class-5 efeMTC UEs allow increased UL spectral efficiency and battery lifetime, in-line with the Rel-15 WI objectives.
The MPR is an allowed maximum power reduction and is hence optional at the UE. Those class 5 UEs that are capable of transmitting at a higher power for sub-PRB transmissions can make use of the negative MPRs and transmit at a higher power. Other class 5 UEs do not need to make use of the available negative MPR.
The maximum transmit power of the class 5 UE operating with negative MPR is 23dBm and is hence no higher than the maximum transmit power of a class 3 UE.
The PUCCH and PRACH operate with 12-tone waveforms. The allowed MPR of Table 1 hence do not apply to these channels. For the traffic models in TR 45.820 [3], the UE is mostly transmitting PUSCH, rather than PUCCH or PRACH. Hence allowing the MPR values of Table 1, which are only applicable to PUSCH, will have the most significant impact on spectrum efficiency and battery lifetime. The repetition-based techniques that have been specified since Rel-13 can be used to provide the necessary performance for PRACH and PUCCH.
Observation 2: Allowing increased PUSCH transmit power, compared to other UL channels, has the greatest effect on overall spectrum efficiency and battery lifetime.
        
4. Conclusion
This document has considered the MPR applicable for sub-PRB transmissions for power class 5 efeMTC devices and proposes that the following table is adopted:
	Modulation / tones
	MPR (dB)

	2 tones BPSK
	 -3 ≤ MPR ≤ 0dB 

	3 tones QPSK
	-3 ≤ MPR ≤ 0dB

	6 tones QPSK
	-2.5 ≤ MPR ≤ 0dB

	12 tones QPSK
	0

	72 tones QPSK
	≤ 2dB



The following proposals and observations are made: 
Proposal: For a power class 5 Cat-M1 or Cat-M2 UE, the values in Table 1 are used to specify the MPR for sub-PRB transmissions.
Observation 1: Specifying MPR values for sub-PRB transmission for class-5 efeMTC UEs allow increased UL spectral efficiency and battery lifetime, in-line with the Rel-15 WI objectives.
Observation 2: Allowing increased PUSCH transmit power, compared to other UL channels, has the greatest effect on overall spectrum efficiency and battery lifetime.
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