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1. Introduction

MPR for both power class 3 (PC2) and power class 2 (PC3) have been agreed and implemented in 38.101-1 for single carrier sub-6 NR.  The same MPR is defined for both power classes, with the applicability to PC2 still tentative in square bracket notation.  A closer examination to corner cases for PC2 MPR has led to the observation that minor changes may be required.

2. Discussion

It has been agreed to apply the same MPR for both PC3 and PC2, justified by [1], [2] and [3].  This MPR is shown below

Table 6.2.2-1 Maximum power reduction (MPR) for power class [2] and 3

	Modulation
	MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK
	≤ 0.5
	0

	DFT-s-OFDM QPSK
	≤ 1
	0

	DFT-s-OFDM 16 QAM
	≤ 2
	≤ 1

	DFT-s-OFDM 64 QAM
	≤ 2.5

	DFT-s-OFDM 256 QAM
	4.5

	CP-OFDM QPSK
	≤ 3
	≤ 1.5

	CP-OFDM 16 QAM
	≤ 3
	≤ 2

	CP-OFDM 64 QAM
	≤ 3.5

	CP-OFDM 256 QAM
	≤ 6.5


It was observed, however in [2] that a corner case exists that might require additional consideration.  Namely, for the case of DFT-S-OFDM with Pi/2-BPSK or QPSK modulation and 1 or 2 RB’s allocated at the edge of the channel, compliance with SEM is marginal at PC2 output power levels.  The rationale provided is that for these waveforms, the MPR is small so the output power is higher, especially with PC2, and yet the SEM levels remain constant.  It was proposed in [2] that for these waveforms, the SEM could be met by adjusting the baseband windowing function from 2% to 2.8%, also noting that the violation of SEM was observed relative to originally proposed MPR values [4] rather than the ones finally agreed to.  However, when considering the two waveforms of interest, the finally agreed MPR is only larger than [4] for the Pi/2-BPSK waveform by 0.5 dB.  The MPR is the same as in [4] for QPSK.  The analyses in [1] and [3] did not consider these corner case single RB waveforms and therefore did not properly evaluate this condition.  
Since then, the observation that small and moderate RB allocations at the edge of the channel can violate SEM was confirmed in study.  Simulation results are shown below.  MPR required for PC2 to meet the emissions in the first MHz of SEM are evaluated for QPSK modulation.  The existing MPR table allows for 1 dB backoff.

	MPR, dB due to SEM Vs BW (SCS=15K)

	LCRB at edge
	10M
	15M
	20M
	25M
	40M
	50M

	1
	0.0
	3.3
	2.3
	1.0
	1.7
	0.0

	2
	0.0
	2.2
	0.8
	0.6
	0.8
	0.0

	3
	0.0
	1.7
	1.8
	1.1
	0.5
	0.0

	4
	0.0
	1.8
	1.5
	1.7
	2.1
	1.3

	8
	0.0
	1.1
	1.3
	1.5
	1.8
	1.5

	16
	0.0
	0.7
	0.8
	1.1
	1.3
	1.4

	32
	0.0
	0.7
	0.7
	0.8
	0.9
	0.9

	
	
	
	
	
	
	

	0-1M; SEM, dBm/30K
	-18.0
	-20.0
	-21.0
	-22.5
	-24.0
	-24.0


Numerous failures highlighted in red are observed, not limited to single or 2 RB allocations.  
At the same time, the proposal in [2] to increase the baseband windowing from 2% to 2.8 % was also considered.  It was indeed confirmed that increasing the baseband windowing function does improve the emissions.  However, such an increase in windowing length significantly encroaches upon the cyclic prefix (6.7%) and therefore degrades performance in high delay-spread channels where the cyclic prefix is budgeted as guard period.  The windowing itself consumes cyclic prefix since it introduces a smearing of previous and next symbol with the current symbol, which is then further consumed by the largest delay spread element in the channel.  An increase of 2% to 2.8% in windowing consumes an additional 12% of the cyclic prefix which has the effect of reducing the tolerance to delay spread or reducing the cell radius by approximately 12%.  Therefore, increasing window length is not a viable solution.
On the other hand, an increase in MPR for single or 2 RB allocations at the channel edge will have a much smaller impact to the network deployment.  For a PC2 cell, when maximum output power is required (i.e., due to a UE at cell edge or otherwise in poor radio coverage), the network can simply shift the scheduled PRB to that UE by 2 RB’s away from the channel edge to avoid the additional 0.5 dB MPR.  Moreoever, since NR allows greater flexibility in the PUCCH assignment away from the extreme channel edge, network coverage can largely be maintained in spite of the additional MPR for these corner case waveforms.  At the same time, the cycle prefix guard period is maintained against high delay spread. Increasing the MPR for larger allocations (up to 16 RB’s according to simulation data shown above) can have a more significant system impact.

In previous discussions, it was recognized that the measurement bandwidth of the emission requirement in the first MHz of SEM may be overly restrictive to wider channels when fixed to 30 kHz.  Instead, the requirement could be reformulated to -10 dBm/2% or -13 dBm/1% of channel bandwidth.   
2.1. Proposal

Proposal 1:  It is proposed to add an additional column in the PC2 MPR table to account for edge allocations.
Proposal 2:  It is proposed that the SEM for the 0-1 MHz offset be specified as -13 dBm/1% instead of fixed at 30 kHz.
These proposals are captured in a draft CR to 38.101-1 in [5].
3. Conclusion

The MPR for PC2 has been revisited.  For outer allocations at the edge of the channel, it was found that the MPR for PC3 is not adequate for PC2 since the Tx power level is 3 dB higher but the SEM in absolute power remains the same.  An earlier proposal to extend the baseband windowing function was considered, but the drawbacks of this approach in reducing the delay spread tolerance and cell size motivated the search for a different solution.  It is proposed to increase the MPR for edge allocations for PC2 and to also re-specify the SEM measurement bandwidth as a percentage of the channel bandwidth rather than to use a fixed value of 30 kHz regardless of how wide the channel is.
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