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Introduction
In RAN4 #84 meeting, we provided our MPR simulations [1] for mmWave based on agreed WF [2] for a few predefined waveforms. In this contribution, our FR2 MPR evaluation results are presented with a complete coverage of different waveforms.
Discussion
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:
· EVM requirement option 1 in [3] was used, we only simulated modulation from Pi/2 BPSK up to 64QAM, Pulse shaped Pi/2 BPSK was not included.
	Modulation
	EVM

	Pi/2 BPSK
	[35]%

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%



· For IBE, the requirement defined in [4] was followed.
· ACLR = 16dBc was used, since we simulated 40G band. The measurement BW was determined by spectrum utilization in table 1 [3].
· SEM specified in [2] was used where ΔfOOB was up to 200% channel BW. In [5], the ΔfOOB was extended to 250% of channel BW. But the impact on MPR values is expected to be small.
· The reference waveform defined in [2] was chosen for FR2: BW=100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RBs starting at RB0 location.
· For spectrum utilizations, we used table 1 for CP-OFDM, and table 2 [3] for DFT-S-OFDM.
Table 1. Spectrum utilizations for mmWave (CP-OFDM)
	SCS[kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



Table 2. Spectrum utilizations for mmWave (DFT-S-OFDM)
	SCS[kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	64
	128
	256
	N.A

	120
	32
	64
	128
	256



Simulation results
The MPR values are provided in a similar way as in [6] in table 3, but inner and outer allocations are not differentiated. Only one MPR value is for all allocation types. 
Table 3. Evaluated MPR values for mmWave
	WF type
	modulation
	MPR For all BW and SCS
	Limiting Factors

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

	
	Pi/2 BPSK
	0.5
	SEM

	
	QPSK
	0.5
	SEM

	
	16QAM
	1
	EVM

	
	64QAM
	4
	EVM

	
	256QAM
	--
	

	CP-OFDM
	QPSK
	2
	EVM

	
	16QAM
	3
	EVM

	
	64QAM
	6.5
	EVM

	
	256QAM
	--
	



Further discussion on reference waveform
In PA calibration, reference waveform with BW=100MHz, 60KHz SCS, DFT-S-OFDM QPSK 128RB full allocation was used to achieve peak EIRP with 0dB MPR. This aligns with our paper [7] regarding UE power class for FR2 and also follows the agreement in [2]. By using aforementioned reference waveform, a power boosting option by using pulse shaped Pi/2 BPSK is still not precluded. 
It can be seen that two PAs calibrated to the same target power level with different reference waveforms, for example, one QPSK waveform and one pulse shaped Pi/2 BPSK waveform with only modulation difference, can show different non-linearity at target power level when they meet the same ACLR, SEM, spurious emission, and their corresponding EVM and IBE requirements. The one calibrated with QPSK waveform shows better linearity than the one calibrated with Pi/2 BPSK.  So it is recommended to have peak EIRP value for the UE power class is defined using above QPSK reference waveform.  
Proposal 1: Use BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK waveform, 128RB0 as reference waveform with 0dB MPR to generate peak EIRP for UE power class in FR2. 
We also observed that reference waveform represents a good coverage over other BW and SCS combinations with full allocations of DFT-S-OFDM QPSK signals given the spectrum utilizations are kept the same, see table 4. The highlighted in yellow is reference waveform. 
Table 4. Relative Power backoff to reference waveform
	DFT-S-OFDM, QPSK

	BW
	SCS
	SU in RB
	SU %
	#RB
	First RB location
	Required PA backoff (dB) relative to reference waveform
	Limit factor

	50
	60
	66
	95.04%
	64
	0
	0
	IBE

	50
	60
	66
	95.04%
	64
	1
	0
	[bookmark: _GoBack]IBE

	50
	120
	32
	92.16%
	32
	0
	-0.5
	SEM

	100
	60
	132
	95.04%
	128
	0
	0
	IBE

	100
	60
	132
	95.04%
	128
	1
	0
	IBE

	100
	60
	132
	95.04%
	128
	2
	0
	IBE

	100
	120
	66
	95.04%
	64
	0
	0
	IBE

	100
	120
	66
	95.04%
	64
	1
	0
	IBE

	200
	60
	264
	95.04%
	256
	0
	0
	IBE

	200
	60
	264
	95.04%
	256
	1
	0
	IBE

	200
	60
	264
	95.04%
	256
	2
	0
	IBE

	200
	60
	264
	95.04%
	256
	3
	0
	IBE

	200
	60
	264
	95.04%
	256
	4
	0
	IBE

	200
	120
	132
	95.04%
	128
	0
	0
	IBE

	200
	120
	132
	95.04%
	128
	1
	0
	IBE

	200
	120
	132
	95.04%
	128
	2
	0
	IBE

	400
	120
	264
	95.04%
	256
	0
	0
	IBE

	400
	120
	264
	95.04%
	256
	1
	0
	IBE

	400
	120
	264
	95.04%
	256
	2
	0
	IBE

	400
	120
	264
	95.04%
	256
	3
	0
	IBE

	400
	120
	264
	95.04%
	256
	4
	0
	IBE



From the table, we can see the except BW50/SCS120 case which has 92.16% SU, all other full allocation waveforms have the same MPR with reference waveform. 
Conclusion
In this contribution, we provide our MPR evaluation results for mmWave, and also make the following proposal.
Proposal 1: Use BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK waveform, 128RB0 as reference waveform with 0dB MPR to generate peak EIRP for UE power class in FR2. 
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