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1. Introduction
In RAN4-NR-AH#2 some of the simulation assumptions for MPR work were agreed [1] and [3] and e.g. ACLR was agreed in [2]. Pi/2-BPSK EVM was left open and EVM for MPR work was not based on any discussion but LTE values were reused. mmW output power has not been agreed but EIRP discussion will continue based on [4]. This paper discusses why mmW UE TX EVM and output power agreements are important for MPR work.  

2. Discussion

MPR studies for 3GPP are made with some assumption on reference architecture. Some of the assumptions made for LTE can be carried to mmW work but with some further discussion is needed.

2.1. Needed TX EVM
In WF for simulation assumptions a table for EVM for mmW was added. This table, shown below Table 1, was added very late in the Qindao NR-AH#2 meeting and as it is stated in the WF, there was no reference for any discussion. LTE QPSK EVM was agreed based on UE emissions performance. If UE meets ACLR, it will easily meet the 17.5% TX EVM so LTE QPSK EVM requirement is not justified by system needs.  
Table 1 EVM assumptions for MPR from [3]

	Modulation
	dB
	EVM [%]

	BPSK
	FFS
	FFS

	QPSK
	-15.1
	17.5

	16QAM
	-18.1
	12.5

	64QAM
	-21.9
	8.0

	256QAM
	-29.1
	3.5


For NR, new coding methods compared to LTE were agreed. Based on new codecs, RAN1 is working on new MCS tables for mmW NR and discussing needed SNRs for different MCS’s. Based on LTE analysis and new work for NR, RX SNR at BS for different modulations do not justify the TX EVM values in Table 1. This will impact needed TX EVM for mmW NR UE.
Observation1: QPSK TX EVM is not justified by system needs.

After RAN1 concludes modulation and coding work, RAN4 needs to conclude UE TX EVM from BS RX SNR values. A budget for imperfection and system interference analysis would be needed. Since the RAN4 workload and NR schedule, TX EVM can be estimated with a simple calculation by adding different interference sources and setting UE TX EVM level where it does not contribute significantly to the throughput.

Lower values are also justified by the lower emissions requirements compared to LTE. In band non-linearity and out band non-linearity has certain relation which may change but the magnitude is close to a constant. We measured the EVM of a mmW PA vs ACLR and results are plotted in Figure 1.
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Figure 1 EVM vs ACLR for QPSK and 64QAM for DFT-S and OFDM

Agreed ACLR requirement for mmW UE at 28 GHz is -17 dBc. Looking at the test data in Figure 1, EVM at the ACLR limit for OFDM QPSK and 64QAM  is -12 dB and for DFT-S-OFDM are -14 dB for QPSK and  -12.5 dB for 64QAM. EVM assumption for MPR in [3], we can observe that MPR would be EVM limited and as stated above, the EVM requirement is not justified. This would mean the system is overengineered resulting either lower output power or too high current consumptions. Much better approach would be to balance the requirements and therefore optimise the system requirements. This should be done especially for lower order modulations, QPSK and pi/2-BPSK.  

Proposal 1: UE TX EVM requirements will be aligned with the needed BS RX SNR’s, not copied from LTE
2.2. PA structure

mmW will have multiple antenna elements which will be driven with separate smaller PAs. There is no single 20 or 23 dBm PA in the UE. Modelling the PA is therefore slightly more complex. Model for the mmW can be extracted from one small PA and then output can be scaled up or for MPR analysis only relative back off information will be used. This is the method in [2]. In this method many of the problems due to multiple PAs will be left un noticed. In [6] we discussed about the mutual coupling of the antennas. This effectively creates a VSWR to the PAs without any impact of the surroundings. The VSWR effect is dependent on output power level and is therefore not linear vs output power. PAs also couple through semiconductor substrate to each other. Also this phenomena is dependent on power level and only visible when more than one PA is active. Beamforming is generated by introducing phase shift to the RF signals between the PAs. The bigger the phase shift, the more the beam is steered away from the boresight and more the PAs operate off phase. The negative coupling effect between PAs is therefore dependent on beam direction. 

Observation 2: Modelling of PA nonlinearities in mmW beamforming system needs careful analysis of imperfection due to multi PA architecture  
2.3. Max Output power 
RAN1 is discussing pulse shaping of the pi/2-BPSK modulation [5] which will reduce the PAPR dramatically, the maximum output power should be set by the pi/2-BPSK with pulse shaping. The PAPR with the pulse shaping was presented in [7]. This implies a great reduction in PAPR and if EVM requirement allows, more power can be generated with the same PA. 
The EVM for the lowest order modulation impact max output power and the relative EVM levels impact the MPR analysis. For preliminary analysis, it seems 64QAM EVM is in the same order as LTE but QPSK and pi/2-BPSK can be lowered quite much. This would then change the MPR needed between these modulations. Therefore, no conclusion for MPRs can be made. The method for relative MPR in WF [1] can not be applied since each company can not set the baseline level for the QPSK waveform.

Observation 3: No MPR analysis is possible until EVM requirements are clarified

3. Conclusion
We discussed TX EVM requirement and performance in UE and made one observation 

Observation1: QPSK TX EVM is not justified by system needs.
And made one proposal.

Proposal 1: UE TX EVM requirements will be aligned with the needed BS RX SNR’s, not copied from LTE
We discussed some challenges in mmW PA modelling for MP work and made one observation:

Observation 2: Modelling of PA nonlinearities in mmW beamforming system needs carefull analysis of imperfection due to multi PA architecture  

We concluded with observation on maximum output power

Observation 3: No MPR analysis is possible until EVM requirements are clarified
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