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Introduction
In this contribution, we are re-submitting MPR requirements for FR2 using simulated and additional measured data. We propose MPR for both narrow CC’s and wide BW CC’s.
Discussion
In previous contribution [1], we outlined the MPR requirements for FR2 based on simulations and measurement with appropriate assumptions and at that time, we assumed MPR was BW agnostic. We performed a simulation and measurement campaign with 8 PA mmW device intended to drive 4 antenna elements with two polarizations. The summary of previous results are shown in the appendix, Table A1, A2, and in the 3rd column of Table 1, assuming SCFDMA – QPSK is the reference. 
Table 1: Comparison of FR2 MPR (CBW <=100MHz)
	
	QCOM (Measurement)
	QCOM sim
[1]
	Company X
 [2]
	Company Y
 [3]

	SCFDMA-shaped BPSK
	-
	-3.0
	-
	-3.5

	SCFDMA-BPSK
	-
	-0.5 
	0
	-1.0

	SCFDMA-QPSK
	0
	0
	0
	0

	SCFDMA-16 QAM
	-
	0.5
	0.5
	0.5

	CP OFDM-QPSK
	2.0
	1.0
	1.5
	1.5

	CP OFDM-16 QAM
	-
	2.5
	2.5
	2.5

	SCFDMA-64 QAM
	3.0
	2.5
	3.5
	3.5

	CP OFDM-64 QAM
	5.0
	5.0
	6.0
	6.0



The MPR limitation criteria and simulation assumptions are also listed in [1] references: 
To verify simulations, we performed some measurements for fully allocated 100MHz waveforms and listed the results in column 2 of Table 1. We also listed MPR data from other companies as a side by side comparison. There were some differences between measurement and simulation that we can attribute to practical implementation. 
Based on new measured data and previous simulated data, we then formulate an MPR for 50M and 100M as shown in the 2nd column of Table 2.
Proposal 1: For FR2, for CC BW 50M and 100M, regardless of sub-carrier spacing, we propose MPR as listed in 2nd column of Table 2.
When the CC BW gets large such as in 200M and 400M, we find that FR2 architecture introduces droop effects that involves increasing subsequent stage gains to flatten the response. The amount of droop can be up to 0.5dB for a 200MHz allocation and up to 2dB for a 400MHz allocation. These droop effects come from various sources within the FR2 architecture such as the BB output, IF output and the RF output as shown in Figure 1.

Figure 1:




To account for the practical frequency response, some outer RB allocation will have lower output power than other RB allocations within the middle of CC. To prevent overdriving the latter stages at the outer RB allocation and thereby increasing distortion after equalization, we need to limit the power by the amount of the total droop. So, for RB configurations where the Outer RB’s are utilized, we propose to limit power for those cases. 
To prevent applying added MPR to all RB allocations within the 200MHz and 400MHz CC’s, we divide the CC where MPR is applied such that if the RB allocation, [RBstart RBend], overlaps any specific region, the corresponding MPR is applied as shown in Figure 2 and Table 2. Figure 2 shows the CC BW, occupied BW, and the RB boundaries corresponding to the boundaries shown in Table 2 with some following examples:
400MHz CC; [RBstart RBend] = [20 100]; MPR = 2dB
400MHz CC; [RBstart RBend] = [98 165]; MPR = 0dB
400MHz CC; [RBstart RBend] = [70 100]; MPR = 1dB
200MHz CC; [RBstart RBend] = [5 110]; MPR = 1dB
200MHz CC; [RBstart RBend] = [32 99]; MPR = 0dB

Figure 2:




Proposal 2: For FR2, for CC BW =200MHz and 400MHz, we define an RB boundary condition to account for droop effects of up to 1dB and 2dB MPR respectively due to practical frequency response in typical RF architecture and propose MPR listed as shown in the 200MHz/400MHz columns of Table 2.
Proposal 3: The PA Calibration reference waveform for MPR0 is 128RB 100MHz 120KHz QPSK waveform.
Observation 1: The extra MPR required for RB allocations overlapping the outer boundaries can apply to aggregated BW’s >400MHz such as CA cases, where the drooping effects become more severe. For CA cases, droop >2dB can be observed.



Table 2: Maximum Power Reduction (MPR) for FR2 Power Class
	Modulation
	MPR (dB)

	
	50M/100MHz
	200MHz
	400MHz 

	
	
	31<RBstart & RBend<100
	0=<RBstart=<31, LCRB>0 
or
100=<RBend=<131, LCRB>0
	97<RBstart & RBend<166
	65<RBstart=<97 & RBend<198   
or            166=<RBend<198 & Rbstart>65
	0=<RBstart=<65, LCRB >0
 or 198=<RBend=<263, LCRB>0

	SCFDMA-Shaped pi/2 BPSK
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	SCFDMA-pi/2 BPSK
	[-0.5]
	[-0.5]
	[0.5]
	[-0.5]
	[0.5]
	 [1.5]

	SCFDMA-QPSK
	0
	0
	≤ 1.0
	0
	≤ 1.0
	≤ 2.0

	SCFDMA-16 QAM
	≤ 0.5
	≤ 0.5
	≤ 1.5
	≤ 0.5
	≤ 1.5
	≤ 2.5

	CP OFDM-QPSK
	≤ 2.0
	≤ 2.0
	≤ 3.0
	≤ 2.0
	≤ 3.0
	≤ 4.0

	CP OFDM-16 QAM
	≤ 2.5
	≤ 2.5
	≤ 3.5
	≤ 2.5
	≤ 3.5
	≤ 4.5

	SCFDMA-64 QAM
	≤ 3.0
	≤ 3.0
	≤ 4.0
	≤ 3.0
	≤ 4.0
	≤ 5.0

	CP OFDM-64 QAM
	≤ 5.0
	≤ 5.0
	≤ 6.0
	≤ 5.0
	≤ 6.0
	≤ 7.0



Conclusion
We present MPR based on simulations and additional measurements for narrow and wide BW CC’s. We apply a MPR boundary condition to account for practical droop effects of wide BW CC’s. This method can apply for larger aggregated BW > 400Mhz as well.
Proposal 1: For FR2, for CC BW 50M and 100M, regardless of sub-carrier spacing, we propose MPR as listed in 2nd column of Table 2.
Proposal 2: For FR2, for CC BW =200MHz and 400MHz, we define an RB boundary condition to account for droop effects of up to 1dB and 2dB MPR respectively due to practical frequency response in typical RF architecture and propose MPR listed as shown in the 200MHz/400MHz columns of Table 2.
Proposal 3: The PA Calibration reference waveform for MPR0 is 128RB 100MHz 120KHz QPSK waveform.
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Appendix: Simulated Results

Table A1 DFT-S-OFDM MPR summary
	 
	DFT-s-OFDM

	Mod Order
	64QAM
	16QAM
	QPSK
	pi/2 BPSK
	sh pi/2 BPSK

	MPR, dB
	6
	4
	3.5
	3
	0.5

	Limitation
	EVM
	EVM
	IBE
	SEM
	SEM


 
Table A2 CP-OFDM MPR summary
	 
	CP-OFDM

	Mod Order
	64QAM
	16QAM
	QPSK

	MPR, dB
	8.5
	6
	4.5

	Limitation
	EVM
	EVM
	IBE




Note: EUTRA in legend here means mmW ACLR
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