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1 Introduction
This is a re-submission of [1] where reference to coin cell batteries is added.
The MPR for category NB1 and NB2 devices has been agreed for PC3 and PC5 only and it was decided to allow the same MPR for multi-tone modulation for both power classes [3], [4]. 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 [5]. The reasons for optimizing the PA for maximal power efficiency at 14dBm in PC6 devices were not taken into account, although these reasons were raised during the discussion. Therefore, the current MPR for PC6 in category NB1 and NB2 is specified in 3GPP TS 36.101 as 0dB (i.e. no MPR allowed). 
On the other hand, for category M1 and M2 devices, the MPR for PC6 was agreed [6], [7] with the same motivation: allowing maximal PA efficiency and thus lower peak current consumption at single-tone modulation with max output power for this power class (14dBm).
The progress in understanding the importance of increased PA power efficiency for enabling the use of coin-cell batteries for cellular IoT applications reveals the requirement of revising 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. Even if total energy in a coin cell battery may be enough for a particular application the battery has a limitations on peak current [8]. 
Assuming an MPR of 2dB, the PA peak current can be reduced by 20% due to lower Psat. This 20% saving can be translated to the following absolute numbers: 
· Assuming a PA output power in single-tone operation of 15dBm (14dBm at antenna for PC6, ~1dB post-PA loss)
· If MPR is allowed for multi-tone operation, the PA can be optimized for single-tone operation at this power level with efficiency in the 55% range
· Then, assuming PA Vcc=1.8V the peak current can be calculated to ~32mA
· If no MPR is allowed the PA efficiency at the same Pout will be less, assume = 44% (due to higher Psat required for multi-tone) 
· In this case the peak current will increase to 40mA (32mA/80%) 
· So the expected PA peak current saving due to MPR is 8mA that is critical for coin cell batteries [8], [9]
Therefore reduction on peak PA current at max Pout is essential for enabling the use of coin-cell batteries. Along with the reduced output power, the PA efficiency at max Pout is of course also critical for reducing the peak current.
3 Measurements
The measurements were done on CMOS PA with Psat adjusted to ~16dBm level that is close to the required power levels for PC6: 14dBm at antenna and ~15-15.5dBm at PA output (depending on the front-end loss). The PA was driven with NB1 signal with single tone (1T) or multi-tone (12T) modulation.
In both cases the NB1 SEM was measured as per 36.101 6.6.2F.1 requirements and Pin/Pout were adjusted until ~0dB margins in SEM relative to the required mask.
Then the MPR was defined as a difference between Pout values for 12T and 1T modulations. As can be seen by comparing Figure 1 and Figure 2 the difference between 12T and 1T modulations is 1.1 dB Pout and thus needing at least 1.1 dB MPR for 12T. Adopting the same MPR values in the Table 6.2.3F-1 for NB1 PC6, would cover the above requirement and additional possible variations in PA implementation.
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[bookmark: _Ref521667778]Figure 1. 1-tone transmission, Pout_1T=16dBm
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[bookmark: _Ref521667788]Figure 2. 12-tone transmission, Pout_12T=14.9dBm

We therefore propose the same MPR as defined for power class 3 and 5 to be extended also for power class 6. Without this change much of the benefit (as described in [4]) of the lower power class 6 would be lost.
Proposal 1:	The same MPR as defined for power class 3 and 5 also to be adopted for power class 6. 
The proposed modifications to section 6.2.3F in 3GPP TS 36.101 is 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 category NB1 and NB2 Power Class 3 and 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.

4 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 and enable the use of coin-cell batteries. 
Proposal 1:	The same MPR as defined for power class 3 and 5 also to be adopted for power class 6. 
The proposed modifications to section 6.2.3F in 3GPP TS 36.101 is highlighted below:
[bookmark: _GoBack]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 category NB1 and NB2 Power Class 3 and 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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