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Introduction
This is a resubmission of our FR1 MPR evaluation results from [7]. 
In RAN4 #84bis meeting, WF on MPR for sub-6 NR [1] summarized a few companies’ MPR evaluation results and provided tentative MPR values for evaluation. Additional simulation results will be also considered at RAN#85. In this contribution, our MPR evaluation results are presented.
Discussion
We used extracted PA model to perform the simulations. According to calibration option listed in [1], we used 1dB MPR for reference waveform. Reference waveform was defined in [2] with 20MHz channel BW, 15KHz SCS, DFT-S-OFDM QPSK, full allocation of 100 RBs allocated first available RB at band edge 100RB0. The PA output power at reference waveform was calibrated at 1dB MPR for PC3 with output power of 22dBm. 
The simulation assumptions are listed below:
· IQ image -28dBc and carrier leakage -28dBc, EVM and IBE were evaluated according to requirements in [3]. For 256QAM, the IQ image -33.7dBc was assumed [4].
· Single NR ACLR [5] = 30dBc for PC3, SEM [1] were also required to be met. ACLR measurement BW for signal channel and adjacent leakage channel are the same and followed measurement BW set in the table 1.
· Carrier leakage was generated at center of channel.
According to the table below copied from [4], each CBW has different SCS. For each pair of CBW and SCS, CP-OFDM and DFT-S-OFDM need to be evaluated. Furthermore, different LCRB and RBstart along with different modulation levels create a significant large amount of MPR evaluation work. So the simulations were quite extensive.
Table 1 [4]. RB allocation position, ACLR measurement BW
	
	
	Channel BW [MHz]

	Sub-6GHz
	SCS [kHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	
	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	SU_CP-OFDM
[#RB]
	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	
	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135

	SU_DFT-s-OFDM
[max#RB full allocation]
	15
	25
	50
	75
	100
	128
	216
	270
	N.A
	N.A
	N.A

	
	30
	10
	24
	36
	50
	64
	100
	128
	162
	216
	270

	
	60
	N.A
	10
	18
	24
	30
	50
	64
	75
	100
	135

	DFT-s-OFDM [max RBstart full allocation]
	15
	0
	2
	4
	6
	5
	0
	0
	NA
	NA
	NA

	
	30
	1
	0
	2
	1
	1
	6
	5
	0
	1
	3

	
	60
	NA
	1
	0
	0
	1
	1
	1
	4
	7
	0

	RX&TXBW CP
[MHz]
	15
	4.5
	9.36
	14.22
	19.08
	23.94
	38.88
	48.6
	NA
	NA
	NA

	
	30
	3.96
	8.64
	13.68
	18.36
	23.4
	38.16
	47.88
	58.32
	78.12
	98.28

	
	60
	NA
	7.92
	12.96
	17.28
	22.32
	36.72
	46.8
	56.88
	77.04
	97.2

	TXBWsym
[MHz]
	15
	4.515
	9.375
	14.235
	19.095
	23.955
	38.895
	48.615
	NA
	NA
	NA

	
	30
	3.99
	8.67
	13.71
	18.39
	23.43
	38.19
	47.91
	58.35
	78.15
	98.31

	
	60
	NA
	7.98
	13.02
	17.34
	22.38
	36.78
	46.86
	56.94
	77.1
	97.26

	maxTXBWsym [MHz]
	lowest
	4.515
	9.375
	14.235
	19.095
	23.955
	38.895
	48.615
	58.35
	78.15
	98.31

	Ref RB from lowest SCS
	30
	2
	2
	2
	2
	2
	2
	2
	NA
	NA
	NA

	
	60
	NA
	4
	4
	6
	4
	6
	6
	2
	2
	2

	guard band left [MHz]
	15
	0.2425
	0.3125
	0.3825
	0.4525
	0.5225
	0.5525
	0.6925
	NA
	NA
	NA

	
	30
	0.595
	0.665
	0.735
	0.805
	0.875
	0.905
	1.045
	0.825
	0.925
	0.845

	
	60
	NA
	1.01
	1.08
	1.51
	1.22
	1.61
	1.75
	1.53
	1.63
	1.55

	guard band right [MHz]
	15
	0.2575
	0.3275
	0.3975
	0.4675
	0.5375
	0.5675
	0.7075
	NA
	NA
	NA

	
	30
	0.445
	0.695
	0.585
	0.835
	0.725
	0.935
	1.075
	0.855
	0.955
	0.875

	
	60
	NA
	1.07
	0.96
	1.21
	1.46
	1.67
	1.45
	1.59
	1.33
	1.250

	Allocation shift vs DC [kHz]
	15
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	NA
	NA
	NA

	
	30
	75
	-15
	75
	-15
	75
	-15
	-15
	-15
	-15
	-15

	
	60
	NA
	-30
	60
	150
	-120
	-30
	150
	-30
	150
	150



Simulation results
The partial simulation results are presented here. The file containing complete simulation results is attached in appendix.

% WF(waveform): 1->CP-OFDM, 2->DFT-S-OFDM
% Mod(modulation): 1->Pi/2 BPSK, 2->QPSK, 4->16QAM, 6->64QAM, 8->256QAM 
 
% BW SCS WF  Mod InnerMPR OuterMPR
  5  15  1   2   0.0     3.5    
  5  15  1   4   1.5     3.5    
  5  15  1   6   3.5     3.5    
  5  15  2   1  -1.0     1.0    
  5  15  2   2  -1.5     1.0    
  5  15  2   4   0.0     1.5    
  5  15  2   6   1.5     2.0    
  5  15  2   8   4.5     4.0  ***   
  5  30  1   2   0.0     3.5    
  5  30  1   4   1.5     3.5    
  5  30  1   6   3.5     3.5    
  5  30  2   1  -1.0     1.0    
  5  30  2   2  -1.5     1.0    
  5  30  2   4   0.0     1.5    
  5  30  2   6   1.5     2.0    
  5  30  2   8   4.5     4.0  ***   
 10  15  1   2   0.5     3.5    
 10  15  1   4   1.5     3.5    
 10  15  1   6   3.5     3.5    
 10  15  2   1  -1.0     1.0    
 …
 80  30  2   6   1.5     2.0    
 80  30  2   8   4.5     4.5    
 80  60  1   2   1.5     3.5    
 80  60  1   4   2.0     3.5    
 80  60  1   6   3.5     3.5    
 80  60  2   1   0.0     1.0    
 80  60  2   2   0.0     1.5    
 80  60  2   4   0.5     2.0    
 80  60  2   6   1.5     2.0    
 80  60  2   8   4.5     4.5    
 100 30  1   2   1.5     3.5    
 100 30  1   4   2.0     3.5    
 …

In order to simplify the MPR table, the following agreements were provided in [4]:
· MPR value in this table applies to all currently agreed channel BW and SCS
· MPR for 64QAM and 256QAM is a single number for all allocation types 
· Results are reported either as a maximum MPR per allocation types or as full allocation triangles
· MPR proposals are done based on the above table
· MPR values can be provided in 0.5dB granularity
Our MPR evaluation results are summarized in the following table.
Table 2. Evaluated MPR values 
	Allocation type
	Outer (max MPR)
	Inner (min MPR)

	
	LCRB
	all
	≤LCRBmax/2

	
	RBstart
	<LCRB/2 from edge
	≥LCRB/2 from edge

	WF type
	modulation
	MPR For all BW and SCS

	DFT-s-OFDM
	PI/2 BPSK
	1
	0

	
	QPSK
	1.5
	0.5

	
	16QAM
	2
	0.5

	
	64QAM
	2

	
	256QAM
	4.5

	CP-OFDM
	QPSK
	3.5
	2*

	
	16QAM
	3.5
	2

	
	64QAM
	3.5

	
	256QAM
	7*



In the table, the MPR value for CP-OFDM 256QAM was evaluated by device measurement. 
For Inner MPR value of CP-OFDM QPSK, our simulation gave 1.5dB. But we slightly adjusted the value by adding 0.5dB margin on top of 1.5dB due to technical concern in real PA operations for high PAPR CP-OFDM waveforms. 1.5dB MPR for CP-OFDM signals has already introduced some clipping. Since the factors like antenna mismatch and subsequent reduction of PA saturated power etc. which were not captured in simulations, will introduce further clipping to the signals and severely degrade the signal quality. So we recommend at least 2dB MPR should be maintained for CP-OFDM signals.  
During the data analysis, we found a small portion of outliers occurred. There are 4 cases out of total 208 cases with inner MPR greater than outer MPR. There are mark ‘***’ at end of lines in the simulation results, copied here for readers’ convenience.
  5  15  2   8   4.5     4.0 ***   
  5  30  2   8   4.5     4.0 ***   
100  30  1   6   4.0     3.5 ***    
100  60  1   6   4.0     3.5 ***    

We found they are all related to higher modulations with either 64QAM or 256QAM.  There are total 78 cases of 64QAM and 256QAM in our perform simulations. So the outlier percentage is 4/78 = 5.1%. Although percentage is relative small, but we still would like to know why these outliers happened.  For these higher modulation in inner allocations, EVM and/or IBE are limiting factors. IBE needs to average emission power over 12 subcarriers within one non-allocated RB, while EVM needs to be averaged over all allocated RBs. But for inner allocations, the minimum number of RB is only 1RB. In small allocated RB cases, EVM averaging cannot be done better than outer RB allocations in term of convergence of the averaged value to true mean value. Although both are needed to do further averaging over 10 subframes [6], the outlier could happen in probability. 
Since for 64QAM and 256QAM a single number of MPR for all allocation types is applied, for first two 256QAM outlier cases, even 4.5dB inner outliers are removed, the final MPR result is still 4.5dB which was from other DFT-S-OFDM 256QAM cases. For next two 64QAM cases, after removing 4.0dB outliers in inner allocations, the MPR value goes to 3.5dB which is shown in the table.
Conclusion
In this contribution, we provide our MPR evaluation results for NR FR1, and populated MPR table.
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Appendix
The simulation data file is attached.
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MPRDataFile.txt
% WF(waveform): 1->CP-OFDM, 2->DFT-S-OFDM
% Mod(modulation): 1->Pi/2 BPSK, 2->QPSK, 4->16QAM, 6->64QAM, 8->256QAM 

% BW SCS WF  Mod InnerMPR OuterMPR
  5	 15	 1	 2	 0.0	 3.5	
  5	 15	 1	 4	 1.5	 3.5	
  5	 15	 1	 6	 3.5	 3.5	
  5	 15	 2	 1	-1.0	 1.0	
  5	 15	 2	 2	-1.5	 1.0	
  5	 15	 2	 4	 0.0	 1.5	
  5	 15	 2	 6	 1.5	 2.0	
  5	 15	 2	 8	 4.5	 4.0 ***
  5	 30	 1	 2	 0.0	 3.5	
  5	 30	 1	 4	 1.5	 3.5	
  5	 30	 1	 6	 3.5	 3.5	
  5	 30	 2	 1	-1.0	 1.0	
  5	 30	 2	 2	-1.5	 1.0	
  5	 30	 2	 4	 0.0	 1.5	
  5	 30	 2	 6	 1.5	 2.0	
  5	 30	 2	 8	 4.5	 4.0 ***	
 10	 15	 1	 2	 0.5	 3.5	
 10	 15	 1	 4	 1.5	 3.5	
 10	 15	 1	 6	 3.5	 3.5	
 10	 15	 2	 1	-1.0	 1.0	
 10	 15	 2	 2	-0.5	 1.0	
 10	 15	 2	 4	 0.0	 1.5	
 10	 15	 2	 6	 1.5	 2.0	
 10	 15	 2	 8	 4.5	 4.5	
 10	 30	 1	 2	 0.5	 3.5	
 10	 30	 1	 4	 1.5	 3.5	
 10	 30	 1	 6	 3.5	 3.5	
 10	 30	 2	 1	-1.0	 1.0	
 10	 30	 2	 2	-0.5	 1.0	
 10	 30	 2	 4	 0.0	 1.5	
 10	 30	 2	 6	 1.5	 2.0	
 10	 30	 2	 8	 4.5	 4.5	
 10	 60	 1	 2	 0.5	 3.5	
 10	 60	 1	 4	 1.5	 3.5	
 10	 60	 1	 6	 3.5	 3.5	
 10	 60	 2	 1	-1.0	 1.0	
 10	 60	 2	 2	-0.5	 1.0	
 10	 60	 2	 4	 0.0	 1.5	
 10	 60	 2	 6	 1.5	 2.0	
 10	 60	 2	 8	 4.5	 4.5	
 15	 15	 1	 2	 0.5	 3.5	
 15	 15	 1	 4	 2.0	 3.5	
 15	 15	 1	 6	 3.5	 3.5	
 15	 15	 2	 1	-0.5	 1.0	
 15	 15	 2	 2	 0.0	 1.0	
 15	 15	 2	 4	 0.0	 2.0	
 15	 15	 2	 6	 1.5	 2.0	
 15	 15	 2	 8	 4.5	 4.5	
 15	 30	 1	 2	 0.5	 3.5	
 15	 30	 1	 4	 2.0	 3.5	
 15	 30	 1	 6	 3.5	 3.5	
 15	 30	 2	 1	-0.5	 1.0	
 15	 30	 2	 2	 0.0	 1.0	
 15	 30	 2	 4	 0.0	 2.0	
 15	 30	 2	 6	 1.5	 2.0	
 15	 30	 2	 8	 4.5	 4.5	
 15	 60	 1	 2	 0.5	 3.5	
 15	 60	 1	 4	 2.0	 3.5	
 15	 60	 1	 6	 3.5	 3.5	
 15	 60	 2	 1	-0.5	 1.0	
 15	 60	 2	 2	 0.0	 1.0	
 15	 60	 2	 4	 0.0	 2.0	
 15	 60	 2	 6	 1.5	 2.0	
 15	 60	 2	 8	 4.5	 4.5	
 20	 15	 1	 2	 0.5	 3.5	
 20	 15	 1	 4	 2.0	 3.5	
 20	 15	 1	 6	 3.5	 3.5	
 20	 15	 2	 1	-0.5	 1.0	
 20	 15	 2	 2	 0.0	 1.0	
 20	 15	 2	 4	 0.0	 2.0	
 20	 15	 2	 6	 1.5	 2.0	
 20	 15	 2	 8	 4.5	 4.5	
 20	 30	 1	 2	 0.5	 3.5	
 20	 30	 1	 4	 2.0	 3.5	
 20	 30	 1	 6	 3.5	 3.5	
 20	 30	 2	 1	-0.5	 1.0	
 20	 30	 2	 2	 0.0	 1.0	
 20	 30	 2	 4	 0.0	 2.0	
 20	 30	 2	 6	 1.5	 2.0	
 20	 30	 2	 8	 4.5	 4.5	
 20	 60	 1	 2	 0.5	 3.5	
 20	 60	 1	 4	 2.0	 3.5	
 20	 60	 1	 6	 3.5	 3.5	
 20	 60	 2	 1	-0.5	 1.0	
 20	 60	 2	 2	 0.0	 1.0	
 20	 60	 2	 4	 0.0	 2.0	
 20	 60	 2	 6	 1.5	 2.0	
 20	 60	 2	 8	 4.5	 4.5	
 25	 15	 1	 2	 0.5	 3.5	
 25	 15	 1	 4	 2.0	 3.5	
 25	 15	 1	 6	 3.5	 3.5	
 25	 15	 2	 1	-0.5	 1.0	
 25	 15	 2	 2	 0.0	 1.0	
 25	 15	 2	 4	 0.0	 2.0	
 25	 15	 2	 6	 1.5	 2.0	
 25	 15	 2	 8	 4.5	 4.5	
 25	 30	 1	 2	 0.5	 3.5	
 25	 30	 1	 4	 2.0	 3.5	
 25	 30	 1	 6	 3.5	 3.5	
 25	 30	 2	 1	-0.5	 1.0	
 25	 30	 2	 2	 0.0	 1.0	
 25	 30	 2	 4	 0.0	 2.0	
 25	 30	 2	 6	 1.5	 2.0	
 25	 30	 2	 8	 4.5	 4.5	
 25	 60	 1	 2	 0.5	 3.5	
 25	 60	 1	 4	 2.0	 3.5	
 25	 60	 1	 6	 3.5	 3.5	
 25	 60	 2	 1	-0.5	 1.0	
 25	 60	 2	 2	 0.0	 1.0	
 25	 60	 2	 4	 0.0	 2.0	
 25	 60	 2	 6	 1.5	 2.0	
 25	 60	 2	 8	 4.5	 4.5	
 40	 15	 1	 2	 1.0	 3.5	
 40	 15	 1	 4	 2.0	 3.5	
 40	 15	 1	 6	 3.5	 3.5	
 40	 15	 2	 1	 0.0	 1.0	
 40	 15	 2	 2	 0.0	 1.5	
 40	 15	 2	 4	 0.5	 2.0	
 40	 15	 2	 6	 1.5	 2.0	
 40	 15	 2	 8	 4.5	 4.5	
 40	 30	 1	 2	 1.0	 3.5	
 40	 30	 1	 4	 2.0	 3.5	
 40	 30	 1	 6	 3.5	 3.5	
 40	 30	 2	 1	 0.0	 1.0	
 40	 30	 2	 2	 0.0	 1.5	
 40	 30	 2	 4	 0.5	 2.0	
 40	 30	 2	 6	 1.5	 2.0	
 40	 30	 2	 8	 4.5	 4.5	
 40	 60	 1	 2	 1.0	 3.5	
 40	 60	 1	 4	 2.0	 3.5	
 40	 60	 1	 6	 3.5	 3.5	
 40	 60	 2	 1	 0.0	 1.0	
 40	 60	 2	 2	 0.0	 1.5	
 40	 60	 2	 4	 0.5	 2.0	
 40	 60	 2	 6	 1.5	 2.0	
 40	 60	 2	 8	 4.5	 4.5	
 50	 15	 1	 2	 1.0	 3.5	
 50	 15	 1	 4	 2.0	 3.5	
 50	 15	 1	 6	 3.5	 3.5	
 50	 15	 2	 1	 0.0	 1.0	
 50	 15	 2	 2	 0.0	 1.5	
 50	 15	 2	 4	 0.5	 2.0	
 50	 15	 2	 6	 1.5	 2.0	
 50	 15	 2	 8	 4.5	 4.5	
 50	 30	 1	 2	 1.0	 3.5	
 50	 30	 1	 4	 2.0	 3.5	
 50	 30	 1	 6	 3.5	 3.5	
 50	 30	 2	 1	 0.0	 1.0	
 50	 30	 2	 2	 0.0	 1.5	
 50	 30	 2	 4	 0.5	 2.0	
 50	 30	 2	 6	 1.5	 2.0	
 50	 30	 2	 8	 4.5	 4.5	
 50	 60	 1	 2	 1.0	 3.5	
 50	 60	 1	 4	 2.0	 3.5	
 50	 60	 1	 6	 3.5	 3.5	
 50	 60	 2	 1	 0.0	 1.0	
 50	 60	 2	 2	 0.0	 1.5	
 50	 60	 2	 4	 0.5	 2.0	
 50	 60	 2	 6	 1.5	 2.0	
 50	 60	 2	 8	 4.5	 4.5	
 60	 30	 1	 2	 1.0	 3.5	
 60	 30	 1	 4	 2.0	 3.5	
 60	 30	 1	 6	 3.5	 3.5	
 60	 30	 2	 1	 0.0	 1.0	
 60	 30	 2	 2	 0.0	 1.5	
 60	 30	 2	 4	 0.5	 2.0	
 60	 30	 2	 6	 1.5	 2.0	
 60	 30	 2	 8	 4.5	 4.5	
 60	 60	 1	 2	 1.0	 3.5	
 60	 60	 1	 4	 2.0	 3.5	
 60	 60	 1	 6	 3.5	 3.5	
 60	 60	 2	 1	 0.0	 1.0	
 60	 60	 2	 2	 0.0	 1.5	
 60	 60	 2	 4	 0.5	 2.0	
 60	 60	 2	 6	 1.5	 2.0	
 60	 60	 2	 8	 4.5	 4.5	
 80	 30	 1	 2	 1.5	 3.5	
 80	 30	 1	 4	 2.0	 3.5	
 80	 30	 1	 6	 3.5	 3.5	
 80	 30	 2	 1	 0.0	 1.0	
 80	 30	 2	 2	 0.0	 1.5	
 80	 30	 2	 4	 0.5	 2.0	
 80	 30	 2	 6	 1.5	 2.0	
 80	 30	 2	 8	 4.5	 4.5	
 80	 60	 1	 2	 1.5	 3.5	
 80	 60	 1	 4	 2.0	 3.5	
 80	 60	 1	 6	 3.5	 3.5	
 80	 60	 2	 1	 0.0	 1.0	
 80	 60	 2	 2	 0.0	 1.5	
 80	 60	 2	 4	 0.5	 2.0	
 80	 60	 2	 6	 1.5	 2.0	
 80	 60	 2	 8	 4.5	 4.5	
 100	 30	 1	 2	 1.5	 3.5	
 100	 30	 1	 4	 2.0	 3.5	
 100	 30	 1	 6	 4.0	 3.5 ***	
 100	 30	 2	 1	 0.0	 1.0	
 100	 30	 2	 2	 0.5	 1.5	
 100	 30	 2	 4	 0.5	 2.0	
 100	 30	 2	 6	 1.5	 2.0	
 100	 30	 2	 8	 4.5	 4.5	
 100	 60	 1	 2	 1.5	 3.5	
 100	 60	 1	 4	 2.0	 3.5	
 100	 60	 1	 6	 4.0	 3.5 ***	
 100	 60	 2	 1	 0.0	 1.0	
 100	 60	 2	 2	 0.5	 1.5	
 100	 60	 2	 4	 0.5	 2.0	
 100	 60	 2	 6	 1.5	 2.0	
 100	 60	 2	 8	 4.5	 4.5	
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