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1 Introduction
In the last RAN4 meeting, WF on MPR for FR2 [1] was approved to agree the MPR values assuming PA calibration gap is adopted. In fact, PA calibration gap is just one kind of optimization method for real time DPD, which can be easily replaced by other mature method. For the unnecessary on introduction of PA calibration gap details can be referred in [2]. 
In addition, the FR2 MPR discussion in last meeting do not have any agreement on the target power, then MPR is just a relative value compared with the output power, which may be different for companies used in simulation and measurement. So the MPR value in [1] actually is based on a misleading assumption with no target output power. 
In this paper we provide simulation results for FR2 MPR with no assumption on any implementation details, we also give analysis on the target output power as the precondition on the discussion on MPR.
2 Discussion
2.1 Revisit on the FR2 MPR assuming PCG
In previous RAN4 meeting, FR2 MPR was approved with the assumption of PCG is used as one option of consideration on this topic. As stated in [2], PCG should not have specification impact for the reasons summarized as below:
· UE implementation perspective: Real time DPD can be implemented by mature replaced method with no gap

· UE scenario: PCG type0 have no typical communication scenario, PCG type1 do not need to notify BS

· NW perspective: severely increase the schedule complexity with negative impact on NW performance 
We have another paper on PCG in detail in [2].
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Note: 
UE requirements for the waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM Pi/2 BPSK, 128RB0 shall be set to [-2 to 0]dB MPR 
Above WF MPR table is assumed that UE is provided with PA calibration gap when UE needs


In [4], the comparison on MPR between PCG and no PCG is provided, it can be seen that the MPR value is better for PCG is used. Actually the MPR improvement is not brought by PCG, It is brought by real time DPD. Real time DPD also can be used in FR1 or not, but we don’t any discussion in FR1 with assumption on this. 
Moreover, the above MPR values are with no clarification on target output power. For sub-6, the target conducted power is the same for all of the MPR simulation, such as “PA calibration point: No MPR allowed for 100 RB QPSK DFT-s-OFDM (15KHz SCS) signal”. Then larger MPR implies smaller MOP thus worse performance. For the mmWave MOP, the situation is a little different, there’re minimum peak EIRP and upper limit TRP requirement.
So the MPR value in [1] actually is based on a misleading assumption with no target output power.
Proposal 1:RAN4 should revisit FR2 MPR requirement with the agreement on target output power as precondition, and FR2 MPR should specified in one table without assumption on real time DPD or any implementation details. 
2.2 Target output power for FR2 MPR

In WF [6] it was agreed the 0dB MPR waveform with no target output power, when companies do simulation or measurement on MPR, different output power and metrics are used, companies are just working to find out the average or acceptable MPR value, but the confusion is that with different target power, large MPR compared with larger output power may not mean worse performance than smaller MPR with smaller output power. Considering of above mentioned, we give some analysis on the choice of target power for FR2 MPR.
For power class on FR2, there was lots of discussion in RAN4 but the specific value is still in the bracket to be determined. Since the consideration on the uncertainty on the OTA test and UE implementation, minimum peak EIRP was agreed to be defined for FR2 power class together with the maximum TRP. From implementation perspective, minimum peak EIPR is just the lower limit for the output power. With better design and high performance components, UE can realize higher maximum output power as long as it does not exceed the TRP limitation to avoid causing additional co-channel interference. In WF of MPR for FR2 [1], the proposed values are based on inputs from two companies, however, as there was no clarification on the supposed maximum output power for the derived MPR values, the meaning of the same MPR level is not identical in terms of the UE capability if different MOP is assumed. 
The other issue is the testability of MPR. When we take a look at the test on MPR for LTE, it is tested together with power class which can combined with the test tolerance and MPR, which means when the power class is 23dBm with TT +-2dB, the MOP will pass the test with 21-25dBm, with MPR equals to 1dB, the test will pass with 20-25dBm. The power class for LTE can be considered as the upper limit for UE implementation. However, power class for NR just specifies the minimum peak EIRP, which is the lower bound for UE implementation. The situation is similar to that of BS side. However, the requirements related to the maximum output power for BS are based on the declared MOP. We cannot adopt the same methodology for UE test, i.e. considering MOP as a declared parameter, as in that way there is no unique metric for so many kinds and brands of UEs. In this sense, we have to test MPR requirement against a common basis. Since the power class for FR2 is defined based on minimum peak EIRP, we can adopt it as the target output power for derivation of MPR requirement, though it is not an optimal choice to verify the UE capability. Once we decide the target output power, there is a common ground to discuss the MPR requirement. 
Proposal 2: the Minimum peak EIRP should be assumed as the target output power for the simulation or evaluation for FR2 MPR.
2.3 Simulation results on FR2 MPR
For consideration mentioned above, we provide our simulation results for FR2 MPR with mmw PA model. The simulation assumptions follow the latest approved CRs in which the key assumptions dominate the results are summarized as:
EVM

Table 1 provides the “PA EVM” restrictions we enforce (for the considered modulation orders), which should be distinguished from the “Total EVM” values. The difference between the quoted values is attributed to non-idealities other than the PA’s, e.g., Phase Noise, frequency offset and I/Q-imbalance, each contributing their own share to the total EVM budget.

Table 1  EVM requirements
	Modulation
	Total EVM [%]
	PA EVM [%]

	pi/2-BPSK
	30
	12

	QPSK
	[17.5]
	12

	16QAM 
	[12.5]
	8

	64QAM
	8
	4


IBE

According to latest agreement on IBE in [7], the In-Band Emission requirements should follow the modifications as below. In case of full BW allocation there is no need to invoke the IBE constraint, but in the case of DFT-s-OFDM waveforms, there is RBs being left unallocated. We however ignore them in case of full allocations for DFT-S-OFDM, on account of these waveforms occupying the full channel bandwidth; namely, we ignore the (132 – 128 =) 4 and (264 – 256 =) 8 RBs left unallocated in the DFT-s-OFDM case at CBW of 100 and 400 MHz, respectively, relative to the full CP-OFDM allocations.
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The maximum transmission BW configuration NRB: 

	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


PA calibration point
The reference waveform is defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 with 0dB MPR
The simulation results based on the above assumptions are shown as following tables.
Table 2 MPR for full-allocation waveforms
	Waveform
	Modulation
	BW [Mhz]
	SCS [Khz]
	Allocation
	MPR
	Limiting criterion

	DFT-s-OFDM
	QPSK
	100
	60
	128RB0
	0
	EVM

	DFT-s-OFDM
	16QAM
	100
	60
	128RB0
	3.4
	EVM

	DFT-s-OFDM
	64QAM
	100
	60
	128RB0
	5.1
	EVM

	DFT-s-OFDM
	QPSK
	400
	120
	256RB0
	0
	EVM

	DFT-s-OFDM
	16QAM
	400
	120
	256RB0
	2
	EVM

	DFT-s-OFDM
	64QAM
	400
	120
	256RB0
	4.5
	EVM

	CP-OFDM
	QPSK
	100
	60
	132RB0
	4.2
	EVM

	CP-OFDM
	16QAM
	100
	60
	132RB0
	6.0
	EVM

	CP-OFDM
	64QAM
	100
	60
	132RB0
	7.5
	EVM

	CP-OFDM
	QPSK
	400
	120
	264RB0
	4.1
	EVM

	CP-OFDM
	16QAM
	400
	120
	264RB0
	6.3
	EVM

	CP-OFDM
	64QAM
	400
	120
	264RB0
	8
	EVM


Table 3 MPR for partial-allocation waveforms
	Waveform
	Modulation
	BW [Mhz]
	SCS [Khz]
	Allocation
	MPR
	Limiting criterion

	DFT-s-OFDM
	QPSK
	100
	60
	64RB0
	1.3
	IBE

	DFT-s-OFDM
	16QAM
	100
	60
	64RB0
	3.4
	EVM

	DFT-s-OFDM
	64QAM
	100
	60
	64RB0
	5.2
	EVM

	DFT-s-OFDM
	QPSK
	400
	120
	128RB0
	2.6
	IBE

	DFT-s-OFDM
	16QAM
	400
	120
	128RB0
	4.1
	EVM

	DFT-s-OFDM
	64QAM
	400
	120
	128RB0
	5.8
	EVM

	CP-OFDM
	QPSK
	100
	60
	64RB0
	4.1
	EVM

	CP-OFDM
	16QAM
	100
	60
	64RB0
	6.1
	EVM

	CP-OFDM
	64QAM
	100
	60
	64RB0
	7.6
	EVM

	CP-OFDM
	QPSK
	400
	120
	128RB0
	5.1
	EVM

	CP-OFDM
	16QAM
	400
	120
	128RB0
	6.4
	EVM

	CP-OFDM
	64QAM
	400
	120
	128RB0
	8.5
	EVM


Based on the simulation results, the MPR requirements for FR2 can be derived as following table

Table 4 MPR requirements for FR2 
	Waveform
	Modulation
	MPR

	
	
	50/100/200MHz
	400MHz

	DFT-s-OFDM
	pi/2-BPSK
	TBD
	TBD

	DFT-s-OFDM
	QPSK
	1.3
	2.6

	DFT-s-OFDM
	16QAM
	3.4
	4.1

	DFT-s-OFDM
	64QAM
	5.2
	5.8

	CP-OFDM
	QPSK
	4.2
	5.1

	CP-OFDM
	16QAM
	6.1
	6.4

	CP-OFDM
	64QAM
	7.6
	8.5


Proposal 3: the FR2 MPR value should be specified as in Table 4.
3 Conclusion
Proposal 1:RAN4 should revisit FR2 MPR requirement with the agreement on target output power as precondition, and FR2 MPR should specified in one table without assumption on real time DPD or any implementation details.
Proposal 2: the Minimum peak EIRP should be assumed as the target output power for the simulation or evaluation for FR2 MPR.

Proposal 3: the FR2 MPR value should be specified as in Table 4.
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