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1. Introduction
At RAN4 meeting #106, MPR for NR-U 1Tx power class 3 (PC3) was agreed in way forward (WF) [1]. Due to lack of time, we were unable to bring measurement data to validate these 1Tx PC3 MPR values. A simple comparison of the specified 1Tx PC3 MPR for NR vs the WF [1] 1Tx PC3 MPR for NR-U shows that, despite using a near identical power amplifier (PA) linearity calibration, the DFT-s-OFDM QPSK NR-U MPR for fully allocated waveforms is either equal or greater than the NR 1Tx PC3. Further comparison with NR-U 1Tx PC5 also reveals inconsistencies. Finally, in NR-U 1Tx PC5, it was shown that 100MHz channel bandwidth required additional MPR allowance for CP-OFDM. This contribution brings measurement data for one waveform to check if this is needed for 1Tx PC3.
2. [bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]Discussion
Firstly, we would like to remind that the PA linearity calibration used to establish the NR 1Tx PC3 MPR is nearly identical to that used for NR-U 1 Tx:
· NR PC3 PA linearity is calibrated at 1dB MPR for QPSK DFT-s-OFDM 20MHz 100RB0 waveform at 30dB ACLR,
· NR-U PC3 PA linearity is calibrated at 1dB MPR for QPSK DFT-s-OFDM 20MHz 100RB0 waveform at 30dB ACLR (according to [2]).
For both NR and NR-U, the same waveform impairments are applied:
· Local Oscillator (LO) leakage: 	-28dBc;
· IQ Image rejection: 				-28dB;
· RF transceiver impairments: 		C-IM3: -60dBc, C-IM5: -70dBc.
The ACLR gating and the reference waveform used to calibrate both the NR and the NR-U PA for PC3 MPR are identical. However, our previous measurement campaigns have shown that the NR-U PA linearity is not gated by ACLR but by the SEM, and that the SEM is typically gated at ~ 0.1 to ~0.2dB lower output power levels than ACLR. We can therefore assume that the 1dB MPR PA calibration is nearly identical for NR-U 1Tx PC3 and NR 1Tx PC3.
Observation 1: Both NR and NR-U PA linearity is calibrated using the same reference waveform and the same ACLR gating of -30dBc at 1dB MPR. For NR-U, it is often found that SEM gates at ~0.1 to 0.2dB lower output power than ACLR-30dBc. It can be assumed that the 1Tx NR-U PC3 PA linearity calibration is nearly identical to the NR 1Tx PC3 PA calibration. The better PC3 PA linearity should lead to lower 1Tx PC3 MPR than the 1Tx PC5 MPR.
Secondly, in Table 1 below, we compare side-by-side the NR-U 1Tx PC3 MPR from [1] with the NR 1Tx PC3 MPR (Table 6.2.2-1) and the NR-U 1Tx PC5 MPR (Table 6.2F.2-1). We observe with highlighted cells that:
1) in orange, for the case of DFT-s-OFDM Pi/2 BPSK, the NR-U PC3 MPR is 1dB greater than the NR PC3 MPR,
2) in yellow, for the case of DFT-s-OFDM QPSK, the NR-U PC3 MPR is equal to the NR MPR PC3,
3) in grey, for the case of DFT-s-OFDM 64QAM, the NR-U PC3 MPR is only 0.5dB higher than the 16QAM MPR, while for NR-U PC5 there is a 1.5dB difference between 16QAM and 64QAM MPR,
4) in blue, for the case of CP-OFDM QPSK and 16QAM, the 100MHz exceptions MPR are not proposed in [1].
[bookmark: _Ref127485572]Table 1: 1Tx NR-U PC3 [1] vs 1Tx NR PC3 MPR (TS 38.101-1)
	Pre-coding
	Modulation
	NR-U 1Tx PC3 RB Allocation
	NR 1Tx PC3 MPR
	NR-U 1Tx PC5 MPR

	
	
	Full2 (dB)
	Partial3 (dB)
	Outer RB allocations
	Full2 (dB)
	Exception for 100MHz Full5 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 1.0
	≤ 1.5
	0
	≤ 1.5
	

	
	QPSK
	≤ 1.0
	≤ 2.0
	≤ 1
	≤ 1.5
	

	
	16 QAM
	≤ 1.5
	≤ 2.5
	≤ 2
	≤ 2.0
	

	
	64 QAM
	≤ 2.0
	≤ 3.0
	≤ 2.5
	≤ 3.5
	

	
	256 QAM
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 5.0
	

	CP-OFDM
	QPSK
	≤ 2.0
	≤ 3.5
	≤ 3.0
	≤ 3.5
	≤ 4.5

	
	16 QAM
	≤ 2.5
	≤ 3.5
	≤ 3.0
	≤ 4.0
	≤ 4.5

	
	64 QAM
	≤ 4.0
	≤ 4.5
	≤ 3.5
	≤ 5.5
	

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.  The MPR applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10].
NOTE 2:	Full RB allocation MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and sub-bands are transmitted according to configuration A in Table 6.2F.2-2.
NOTE 3:	Partial RB allocation MPR applies when one or more RB’s in one or more sub-bands are not allocated or when the transmitted sub-bands for wideband operation are transmitted according to configuration B in Table 6.2F.2-2.
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.
NOTE 5:	Exception for 100MHz Full RB allocation MPR applies when all RB’s in all sub-bands for 100MHz wideband operation are fully allocated and sub-bands are transmitted according to configuration [B] in Table 6.2F.2-2.



For DFT-s-OFDM QPSK (yellow highlighted cells - Table 1), we present preliminary measurement data in Table 2 for fully allocated waveforms, comparing results for 20MHz CBW vs 100MHz CBW with PC5 vs PC3 PA calibration. We observe that:
· for 20MHz CBW, SEM requires approximately 0.1dB higher back-off than ACLR for both PC3 and PC5
· for 100MHz CBW, SEM requires a [2.6]dB back-off, i.e. nearly 1.1dB higher than the 1dB MPR of [1].
Due to lack of time, we propose to come back at meeting #107 to further investigate the effect of larger CBW on SEM and ACLR gating. 
[bookmark: _Ref132020404]Table 2: 1Tx PC3 raw PA back-off measurement results
	PA calibration power class
	Modulation
	Waveform
	Allocation
	Channel Bandwidth (MHz)
	SEM
(dB)

	PC5
	QPSK
	DFT-s-OFDM
	Full
	20
	1.1

	PC5
	QPSK
	DFT-s-OFDM
	Full
	100
	1.5

	PC3
	QPSK
	DFT-s-OFDM
	Full
	20
	0.1

	PC3
	QPSK
	DFT-s-OFDM
	Full
	100
	[2.6]



Observation 2: For 1Tx PC3, we observe that SEM requires a higher back-off at 100MHz than at 20MHz CBW. More measurements are required to study the effect of large CBW on SEM gating for 1Tx NR-U PC3 operation. Measurements are also needed to verify the 2Tx PC5+PC5 MPR results.
For DFT-s-OFDM 64QAM (yellow highlighted cells - Table 1), we observe that the NR-U PC3 [1] is systematically 0.5dB lower than the NR-U PC5 MPR for all waveforms except for 64QAM where the PC5 MPR is 1.5dB higher than the PC3 MPR.
Observation 3: For DFT-s-OFDM fully allocated waveforms, the 1Tx NR-U PC3 MPR is systematically 0.5dB lower than the PC5 1Tx MPR except for 64QAM where a 1.5dB difference is observed. Measurements are needed to verify the both 1Tx PC3 and 1Tx PC5 MPR for fully allocated DFT-s-OFDM 64QAM waveforms.
Finally, for CP-OFDM QPSK and 16QAM (blue highlighted cells - Table 1), exception MPR was agreed for 1Tx PC5, but these exceptions were not discussed for 1Tx PC3. Additional measurements are required to further verify if exceptions are also needed for 1Tx PC3 and for 2Tx PC5.
Observation 4: For CP-OFDM QPSK and 16QAM, additional measurements are needed to verify if the 1Tx PC5 MPR exceptions at 100MHz CBW are also needed for 1Tx PC3. In any case, these configurations should be carefully studied for 2Tx PC5+PC5.
3. Conclusion
This contribution brings preliminary measurement data for 1Tx PC3. We observe that the better PA linearity of 1Tx PC3 for NR-U should produce lower MPR levels for PC3 than for 1Tx PC5.
Observation 1: Both NR and NR-U PA linearity is calibrated using the same reference waveform and the same ACLR gating of -30dBc at 1dB MPR. For NR-U, it is often found that SEM gates at ~0.1 to 0.2dB lower output power than ACLR-30dBc. It can be assumed that the 1Tx NR-U PC3 PA linearity calibration is nearly identical to the NR 1Tx PC3 PA calibration. The better PC3 PA linearity should lead to lower 1Tx PC3 MPR than the 1Tx PC5 MPR.
Due to lack of time, we are unable to present a complete set of measurements. We propose to present both 1Tx PC3 and 2Tx PC5+PC5 at next meeting to verify the following observations:
Observation 2: For 1Tx PC3, we observe that SEM requires a higher back-off at 100MHz than at 20MHz CBW. More measurements are required to study the effect of large CBW on SEM gating for 1Tx NR-U PC3 operation. Measurements are also needed to verify the 2Tx PC5+PC5 MPR results.
Observation 3: For DFT-s-OFDM fully allocated waveforms, the 1Tx NR-U PC3 MPR is systematically 0.5dB lower than the PC5 1Tx MPR except for 64QAM where a 1.5dB difference is observed. Measurements are needed to verify the both 1Tx PC3 and 1Tx PC5 MPR for fully allocated DFT-s-OFDM 64QAM waveforms.
Observation 4: For CP-OFDM QPSK and 16QAM, additional measurements are needed to verify if the 1Tx PC5 MPR exceptions at 100MHz CBW are also needed for 1Tx PC3. In any case, these configurations should be carefully studied for 2Tx PC5+PC5.
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