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1. Introduction
The MPR for category NB1 and NB2 devices was previously agreed for PC3 and PC5 only and it was decided to allow the same MPR for multi-tone modulation for both power classes [1,2]. This MPR allows optimal PA design with maximum power efficiency (and minimum peak current) at corresponding maximum power levels with single-tone modulation where no MPR is allowed. 
Unfortunately the MPR for even lower power class PC6 of NB1 and NB2 devices was not decided then since the PC6 simulations were based on the same PA model as used for PC3 but operating at 14dBm only, thus resulting in huge margins in both ACLR and SEM performance for multi-tone operation [3]. The reasons of optimizing the PA for maximal power efficiency at 14dBm in PC6 devices were not taken into account then (although these reasons were raised during the discussion), so the current MPR for PC6 in category NB1 and NB2 is specified in 3GPP TS 36.101 as 0dB. 
Recently, the MPR for PC6 was agreed [4,5] for category M1 and M2 devices with the same motivation to allow maximal PA efficiency and thus lower peak current consumption at single-tone modulation with max output power for this power class (14dBm).
The last progress in understanding of the importance of increasing PA power efficiency for enabling the use of coin cell batteries for cellular IoT applications requires us to revise the previous decision regarding PC6 MPR in NB1 and NB2 devices as well. 

2. Discussion
The main justification of reduced power class 6 is to reduce the peak PA current at max Pout with single-tone modulation, thus enabling the use of coin cell batteries. Along with the reduced output power, the PA efficiency at max Pout is also critical for reducing the peak current. 
As was already explained previously (see for example in [2]), this requires that MPR for multi-tone modulation to be available since the PAPR of the multi-tone modulation is higher than for single-tone, otherwise the single-tone PA efficiency will be lower if it is designed for supporting multi-tone without MPR. 
More specifically, a PA is designed to support a certain Psat, which is set by adding to the target power a certain back-off per modulation. In case of multiple modulations, the maximum of all possible Psat values is taken. Ideally the Psat requirements for single-tone and multi-tone should be equalized. Setting Psat too high (i.e. if Psat is dominated by multi-tone) will reduce the single-tone PA efficiency. This will result higher peak current for single-tone transmission. As an example, setting Psat 2dB higher than required may result in 25-35% higher peak current, where the actual increase in peak current depends on the detailed PA design. Such increase in peak current may be problematic for coin cell operation.
Similarly to the decision of applying the same MPR for multi-tone modulation in PC3 and PC5 power classes of NB1 and NB2 devices, we propose the same MPR to be extended also for power class 6, otherwise much of the benefit of the lower power class would be lost as clearly stated for PC5 in [2].
We propose to modify section 6.2.3F in 3GPP TS 36.101 as highlighted below:
6.2.3F	UE maximum output power for modulation / channel bandwidth for category NB1 and NB2
For UE category NB1 and NB2 power class 3, 5 and 6 the allowed Maximum Power Reduction (MPR) for the maximum output power given in Table 6.2.2F-1 is specified in Table 6.2.3F-1.
Table 6.2.3F-1: Maximum Power Reduction (MPR) for UE cat. NB1 and NB2 Power Class 3, 5 and 6
	Modulation
	QPSK

	Tone positions for 3 Tones allocation
	0-2
	3-5 and 6-8
	9-11

	MPR
	≤ 0.5 dB
	0 dB
	≤ 0.5 dB

	Tone positions for 6 Tones allocation
	0-5 and 6-11

	MPR
	≤ 1 dB
	≤ 1 dB

	Tone positions for 12 Tones allocation
	0-11

	MPR
	≤ 2 dB



For UE category NB1 and NB2 power class 6 the allowed Maximum Power Reduction (MPR) for the maximum output power is 0 dB.
For the UE maximum output power modified by MPR, the power limits specified in sub-clause 6.2.5F apply.

3. Summary
We propose to extend the previously agreed MPR for multi-tone modulation of category NB1 and NB2 devices also for PC6 in order to maximize the benefits of this lower power class for cellular IoT applications with coin cell batteries. 
The proposed changes in section 6.2.3F in 3GPP TS 36.101 are highlighted below:
6.2.3F	UE maximum output power for modulation / channel bandwidth for category NB1 and NB2
For UE category NB1 and NB2 power class 3, 5 and 6 the allowed Maximum Power Reduction (MPR) for the maximum output power given in Table 6.2.2F-1 is specified in Table 6.2.3F-1.
Table 6.2.3F-1: Maximum Power Reduction (MPR) for UE cat. NB1 and NB2 Power Class 3, 5 and 6
	Modulation
	QPSK

	Tone positions for 3 Tones allocation
	0-2
	3-5 and 6-8
	9-11

	MPR
	≤ 0.5 dB
	0 dB
	≤ 0.5 dB

	Tone positions for 6 Tones allocation
	0-5 and 6-11

	MPR
	≤ 1 dB
	≤ 1 dB

	Tone positions for 12 Tones allocation
	0-11

	MPR
	≤ 2 dB



For UE category NB1 and NB2 power class 6 the allowed Maximum Power Reduction (MPR) for the maximum output power is 0 dB.
For the UE maximum output power modified by MPR, the power limits specified in sub-clause 6.2.5F apply.
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