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Introduction
This contribution provides updated MPR values to our previous submitted MPR results in [1].  In last meeting, we encouraged companies to evaluate the current mmWave IBE requirement [2] which provides relaxation on 16QAM and higher modulations but no relaxation on QPSK. In this meeting, we submit another contribution to propose a modified IBE formula [3]. The MPR values we proposed in this contribution are based on modified IBE formula in [3].  
Discussion
In Reno meeting, the WF on pi/2 BPSK spectrum shaping and power class in FR2 [4] has following agreements:
· The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition
· MPR requirements for waveforms that operate at higher output power than the reference waveform can be defined with a negative value
· The Pcmax requirement includes an additional term to account for negative MPR in both Pcmax_L and Pcmax_H terms
In this contribution, we use agreed reference waveform for PA calibration. Since for BW=100Mhz, SCS=60Khz, the maximum transmission bandwidth configuration NRB = 132, while reference waveform has only 128 RBs for DFT-S-OFDM modulation, there are 4 unused RBs. Whether or not to check IBE on these 4 unused RBs will impact PA calibration. Without IBE check on reference waveform, we observed there is a significant power discontinuity, around 1.5dB, between reference waveform and the DFT-S-OFDM waveform with 125RB configurations where IBE needs to be checked. In order to avoid this power discontinuity and also to consider future service deployments on these unused RBs, we make the following proposal.
Proposal 1: IBE needs to be checked on any unused RBs, including reference waveform. 
Based on current IBE formula [5] in mmWave, which was copied from NR sub-6 and LTE and still within brackets, a few companies claimed IBE is the limiting factor for QPSK waveforms. Since in mmWave, the ACLR requirement has been much relaxed in consideration of analog beamforming in UE co-existence study, IBE relaxation was considered with relaxation accordingly in Table 6.4.2.3.1-1 in [5] where the IBE relaxation has been made from PRB - 30 dB in NR sub-6 to PRB - 17 dB in NR mmWave. This IBE relaxation seems only effective to 16QAM and higher modulations, but higher modulations are normally limited by EVM not IBE. But for QPSK waveforms, PRB - 17 dB does not provide enough relaxation. By observing this, in another Intel submitted contribution [3], we have proposed relaxed IBE in general formula term as well combined with PRB - 17 dB to relax QPSK waveforms.
Proposal 2: mmWave IBE general term needs relaxation by considering mmWave analog beamforming feature in FR2 MPR evaluations.
In this contribution, we generated MPR by following proposals 1 and 2.
We also consider PA calibration gap for FR2 [6]. Since PA calibration gap can provide dedicated air-time for runtime PA calibration, it is expected that PA can achieve better linearity when PA calibration gap is implemented. Otherwise if there is no PA calibration gap, PA may experience certain degree of degradation in linearity. In later case, larger MPR values are needed. In this contribution, we consider these two scenarios, and provide two set of MPR values accordingly. 
Simulation assumptions
Based on our mmWave PA model, the MPR evaluation was performed by using 8 PAs, 4 for each polarizations within an antenna array panel.
Our simulation assumptions are captured below, following the spec [5], otherwise specified:
· EVM requirement: table 6.4.2.1.1-1 [5].
	
Parameter
	Unit
	Average EVM Level (%)

	Pi/2 BPSK 
	%
	30

	Pi/2 BPSK with pulse shaping
	%
	30

	QPSK 
	%
	[17.5]

	16 QAM 
	%
	[12.5]

	64 QAM 
	%
	8



· IBE requirement: table 6.4.2.3.1-1 [5], except general term in IBE which followed IBE modifications in [3].
· ACLR = 16dBc: table 6.6.2.3.1-1 [5], since we simulated 40G band. 
· The maximum transmission BW configuration NRB:  Table 5.3.2-1 in [5]
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



· ACLR measurement BW is centered at channel center and is determined by Channel BW – 2* the minimum guardband between 60KHz SCS and 120KHz SCS for that channel BW. The minimum guardband in KHz is from table 5.3.3-1 [5].
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	1210
	2450
	4930
	N.A

	120
	1900
	2420
	4900
	9860



· SEM requirement:  table 6.5.2.1.1-1 in [5], where ΔfOOB is up to 200% channel BW away from +/- channel edge. 
	ΔfOOB
(MHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	Measurement bandwidth

	 0-5
	-5 
	-5
	-5
	-5
	1 MHz 

	 5-10
	-13
	-5
	-5
	-5 
	1 MHz

	 10-20
	-13
	-13
	-5
	-5 
	1 MHz

	 20-40
	-13
	-13
	-13
	-5
	1 MHz

	 40-100
	-13
	-13
	-13
	-13
	1 MHz

	 100-200
	
	-13
	-13 
	-13 
	1 MHz

	 200-400
	
	
	-13 
	-13 
	1 MHz

	 400-800
	
	
	
	-13 
	1 MHz



Simulation results
MPR values with PA calibration gap
First, we provide MPR values assuming calibration gap exists. In this case, we extract PA characteristics and apply them in the simulations. PA is assumed to be compensated to a better state by using run-time training during calibration gap, e.g. by real-time DPD algorithm. The PA characteristics are assumed no changes during PA operations. A file containing simulation results is attached in the Appendix. We also notice that by real Tx waveform measurement, some MPR values need to be justified in order to close the gap between simulation platform and real system. 
The MPR values are provided in a similar way as in sub6 in table 1, but inner and outer allocations are not differentiated. Only the larger MPR values is taken for both RB allocation types for each modulations. 
Table 1. Evaluated MPR values for mmWave with PA calibration gap
	WF type
	modulation
	MPR For all BW and SCS
	Limiting Factors

	DFT-s-OFDM
	Pulse Shaped Pi/2 BPSK
	-0.5
	ACLR/SEM/EVM

	
	Pi/2 BPSK
	2.0
	SEM

	
	QPSK
	2.0
	SEM

	
	16QAM
	3.0
	EVM

	
	64QAM
	5.5
	EVM

	CP-OFDM
	QPSK
	4.0
	EVM

	
	16QAM
	4.5
	EVM

	
	64QAM
	8.0
	EVM



MPR values without PA calibration gap
PA characteristics may change over time, temperature, voltage and among other factors. Without PA calibration gap, DPD coefficients may not compensate well the real-time PA non-linearity. This mismatch will degrade PA performance and further power backoff is needed to meet ACLR/SEM/IBE/EVM and spurious emission requirements. So larger MPR values are expected. The following table contains proposed MPR values when calibration gap does not exist. 
Table 2. Evaluated MPR values for mmWave without PA calibration gap
	WF type
	modulation
	MPR For all BW and SCS

	DFT-s-OFDM
	Pulse Shaped Pi/2 BPSK
	0

	
	Pi/2 BPSK
	2.5

	
	QPSK
	2.5

	
	16QAM
	 4.0

	
	64QAM
	7.0

	CP-OFDM
	QPSK
	4.5

	
	16QAM
	5.5

	
	64QAM
	9.5



 MPR value selection
Consider changing in PA characteristics is a slow process over time, calibration gap can be implemented in a very low duty cycle with negligible impact on the throughput. We have following proposal.
 Proposal 3: PA calibration gap should be supported and MPR values with PA calibration gap should be considered.
Conclusion
 In this contribution, we provide our views on FR2 MPR values. We have the following proposals:
Proposal 1: IBE needs to be checked on any unused RBs, including reference waveform.
Proposal 2: mmWave IBE general term needs relaxation by considering mmWave analog beamforming feature in FR2 MPR evaluations.
 In addition of proposals 1 and 2, we also provide our MPR values for two scenarios, MPR values with PA calibration gap and MPR values without PA calibration gap. And we have proposal 3 as follow.
Proposal 3: PA calibration gap should be supported and MPR values with PA calibration gap should be considered.
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Appendix
Attached is the file containing MPR simulation results with PA calibration gap.
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mmWaveMPRDataFile.txt
% WF(waveform): 1->CP-OFDM, 2->DFT-S-OFDM
% Mod(modulation): 0-> Pulse Shaped Pi/2 BPSK, 1->Pi/2 BPSK, 2->QPSK, 4->16QAM, 6->64QAM, 8->256QAM 

%  BW     SCS    WF   Mod    MPR 
   50      60     1     2    2.5   
   50      60     1     4    4.0   
   50      60     1     6    7.0   
   50      60     2     0   -1.0   
   50      60     2     1    1.0   
   50      60     2     2    1.0   
   50      60     2     4    2.0   
   50      60     2     6    5.0   
   50     120     1     2    2.5   
   50     120     1     4    4.0   
   50     120     1     6    7.0   
   50     120     2     0   -1.0   
   50     120     2     1    1.0   
   50     120     2     2    1.0   
   50     120     2     4    2.0   
   50     120     2     6    5.0   
  100      60     1     2    2.5   
  100      60     1     4    4.0   
  100      60     1     6    7.0   
  100      60     2     0   -1.0   
  100      60     2     1    1.0   
  100      60     2     2    1.0   
  100      60     2     4    2.0   
  100      60     2     6    5.0   
  100     120     1     2    2.5   
  100     120     1     4    4.0   
  100     120     1     6    7.0   
  100     120     2     0   -1.0   
  100     120     2     1    1.0   
  100     120     2     2    1.0   
  100     120     2     4    2.0   
  100     120     2     6    5.0   
  200      60     1     2    2.5   
  200      60     1     4    4.0   
  200      60     1     6    7.0   
  200      60     2     0   -1.0   
  200      60     2     1    1.0   
  200      60     2     2    1.0   
  200      60     2     4    2.0   
  200      60     2     6    5.0   
  200     120     1     2    2.5   
  200     120     1     4    4.0   
  200     120     1     6    7.0   
  200     120     2     0   -1.0   
  200     120     2     1    1.0   
  200     120     2     2    1.0   
  200     120     2     4    2.0   
  200     120     2     6    5.0   
  400     120     1     2    2.5   
  400     120     1     4    4.0   
  400     120     1     6    7.0   
  400     120     2     0   -1.0   
  400     120     2     1    1.0   
  400     120     2     2    1.0   
  400     120     2     4    2.0   
  400     120     2     6    5.0   
  100      60     1     2    2.5   
  100      60     1     4    4.0   
  100      60     1     6    7.0   
  100      60     2     0   -1.0   
  100      60     2     1    1.0   
  100      60     2     2    1.0   
  100      60     2     4    2.0   
  100      60     2     6    5.0   
  200      60     1     2    2.5   
  200      60     1     4    4.0   
  200      60     1     6    7.0   
  200      60     2     0   -1.0   
  200      60     2     1    1.0   
  200      60     2     2    1.0   
  200      60     2     4    2.0   
  200      60     2     6    5.0   
  200     120     1     2    2.5   
  200     120     1     4    4.0   
  200     120     1     6    7.0   
  200     120     2     0   -1.0   
  200     120     2     1    1.0   
  200     120     2     2    1.0   
  200     120     2     4    2.0   
  200     120     2     6    5.0   
  400     120     1     2    2.5   
  400     120     1     4    4.0   
  400     120     1     6    7.0   
  400     120     2     0   -1.0   
  400     120     2     1    1.0   
  400     120     2     2    1.0   
  400     120     2     4    2.0   
  400     120     2     6    5.0   
  200      60     1     2    2.5   
  200      60     1     4    4.0   
  200      60     1     6    7.0   
  200      60     2     0   -1.0   
  200      60     2     1    1.0   
  200      60     2     2    1.0   
  200      60     2     4    2.0   
  200      60     2     6    5.0   
  400     120     1     2    2.5   
  400     120     1     4    4.0   
  400     120     1     6    7.0   
  400     120     2     0   -1.0   
  400     120     2     1    1.0   
  400     120     2     2    1.0   
  400     120     2     4    2.0   
  400     120     2     6    5.0   
  200      60     1     2    2.5   
  200      60     1     4    4.0   
  200      60     1     6    7.0   
  200      60     2     0   -1.0   
  200      60     2     1    1.0   
  200      60     2     2    1.0   
  200      60     2     4    2.0   
  200      60     2     6    5.0   
  400     120     1     2    2.5   
  400     120     1     4    4.0   
  400     120     1     6    7.0   
  400     120     2     0   -1.0   
  400     120     2     1    1.0   
  400     120     2     2    1.0   
  400     120     2     4    2.0   
  400     120     2     6    5.0   
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