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Introduction
In the RAN4#94-e meeting, some agreements were achieved for power class 5 UE in [3]. Together with power class and EVM budgets proposed in [4, 5] and reusing measurements from [1, 2], this contribution makes formal proposals for single carrier and wideband operation MPR and some A-MPR cases.
Discussion
Our intention was to extend the number of waveforms measured compared to those in [1, 2] according to the way forward [3] in the last meeting. Unfortunately the current situation with lock downs in Europe and the US did not allow for extra measurements. Regardless, the measurements made for QPSK waveforms can serve as a reference point for MPR.
Power class and MPR assumptions
Based on agreements in [3], EVM budget proposed in [4] and reference waveforms used for power class definition in [5], the following assumptions have been used to derive MPR:
· Measured at the top of the 5GHz band
· Post PA losses is 4dB
· Carrier and Image impairments are 28dB for QPSK
· EVM PA budget in 12% for QPSK
· NR-U mask is measured using method described in [4]
· As proposed in [5], reference waveform is 20MHz 100RB3 QPSK DFT-s-OFDM with:
· 0dB MPR for PC5 at 20dBm +2/-3dB
· 1dB MPR for PC3 at 23dBm +2/-3dB assuming an implementation with two PC5 PAs in 2x2 UL MIMO or transparent TX diversity
Compared to NR MPR, since partial allocations use the interlaced waveforms, there is no option for true inner allocations. The only exception would be some centered version of some interlaced cases but the extra power capability may be small. Still these centered partial interlaced allocations may prove useful to define reference waveform for maximum output power.
Proposal 1:
· The Inner/outer allocation distinction shall not be used for NR-U MPR
· Centered interlaced waveform use for MOP definition is FFS
Single Carrier Case
Measurements and MPR Proposal
The measurements are presented in Table 1 in terms of achievable power at the antenna and focused on the following:
· PC5 target
· QPSK CP-OFDM and DFT-s-OFDM waveforms to establish baseline MPR and power class
· Full allocation and 11/10RB interlace0 waveforms as worst cases.
· 20, 40, 60, 80 and 100 MHz channels
· NRU SEM, ACLR for MPR (with NR SEM being verified but as proposed in [4] NR-U should not be required to meet NR SEM and NR-U mask should be used as general requirement)
· EVM was verified for the full allocation case, for the used interlace cases, these are not the worst case for EVM since the image does not fall on the allocated RBs.
· In-band dBm/MHz for A-MPR cases
· To limit the number of measurements, only the critical measurements were performed depending on the waveform characteristics
Table 1: Single carrier power capability measurements
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Observations for PC5:
· Using ACLR of 27 dB and NRU SEM for 20 MHz as a baseline
· For full allocation:
· 20 dBm antenna power can be achieved for DFT-s-OFDM limited by the NRU SEM (as desired)
· 18 dBm antenna power can be achieved for CP-OFDM limited by 27 dB ACLR or NRU SEM
· Power capability reduces slightly for DFT-s-OFDM at larger bandwidths
· A-MPR is only required at 4dBm/MHz in-band PSD for the 20 MHz case
· For 10/11RB interlace0:
· 20 dBm antenna power can be achieved for DFT-s-OFDM
· Slightly higher than 18dBm antenna power can be achieved for CP-OFDM 
· There is no A-MPR required for in-band PSD restrictions over than for 4 dBm/MHz cases below 80 MHz channel BW
· Overall performance is similar for full and interlace waveforms opening up for a simple MPR table
Observations for PC3: In the case where PC3 is implemented with two PC5 PAs, a 1 dB additional back-off is sufficient to reach 30 dB ACLR.

Proposal 2 for single carrier case:
· Single carrier NR-U mask is used as general requirement and NR SEM not required
· MPR for PC5 QPSK:
· For all (full and interlace) DFT-s-OFDM QPSK waveforms 1 dB MPR
· For all (full and interlace) CP-OFDM QPSK waveforms 2.5 dB MPR
· MPR for PC3 QPSK: one additional dB MPR is added to the PC5 case
Preliminary Results for A-MPR
At this point, our measurements in Table 1 have only focused on the in-band PSD requirements and more work will be needed for some OOB requirements in some regions and sub-bands. To simplify requirements, we propose that A-MPR values are the same for fully allocated and interlaced waveforms but also for CP-OFDM and DFT-s-OFDM waveforms.
 
Proposal 3 for PC5 QPSK single carrier case:
· A-MPR is the same for full and interlaced and CP-OFDM and DFT-s-OFDM waveforms
· A-MPR for 10 and 11 dBm/MHz in-band PSD: no A-MPR needed
· A-MPR for 4 dBm/MHz in-band PSD:
· 5 dB A-MPR for all QPSK waveforms at 20MHz
· 2 dB A-MPR for all QPSK waveforms at 40MHz

Observation for PC3 QPSK:
· 3 dB additional AMPR will be needed for 4 dBm/MHz in-band PSD compared to PC5 A-MPR for a single antenna case and AMPR may be needed at higher channel bandwidths
· For 10 and 11 dBm/MHz a single PA PC3 implementation may need >1 dB A-MPR for 20 MHz DFT-s-OFDM cases
Wideband Operation Case
The measurements were performed using the same PA and assumptions as that of the single carrier case. However, to verify its impact, the image impairment used the agreed 28 dB requirement and a slightly better value at 30 dB.
The measurements presented in Table 2 in terms of achievable power at the antenna are focused on the following:
· PC5 target
· QPSK CP-OFDM and DFT-s-OFDM waveforms to establish baseline MPR
· Full allocation only
· Wideband operation in 80 MHz
· Since this is the baseline for release 16 UE behavior only transmission in contiguous bandwidth parts are measured: 1000, 0100, 1100, 1110 cases (note that the 1111 case is equivalent to the 80MHz single carrier case in [3]
· NRU wideband operation masks and ACLR for MPR
Table 2: Wideband operation power capability measurements
	
	28dB IR
	30dB IR
	singleCC
	Comment

	CP_1000/20MHz 1CC
	18.9
	18.9
	18.8
	All cases are equivalent, no influence from image level

	CP_0100/20MHz 1CC
	18.0
	18.5
	18.8
	28/30dBc image impact of 0.8/0.3 dB respectively

	CP_1100/40MHz 1CC
	17.3
	18.0
	18.3
	28/30dBc image impact of 1/0.3 dB respectively

	CP_1110/60MHz 1CC
	18.6
	18.6
	NA
	No major impact from image

	CP_1111/80MHz 1CC
	18.2
	18.2
	18.2
	No impact from image possible

	DFT_1000/20MHz 1CC
	19.9
	NA
	20.0
	Almost no impact from image due to margin on ACLR

	DFT_0100/20MHz 1CC
	19.8
	NA
	20.0
	Almost no impact from image due to margin on ACLR

	DFT_1111/80MHz 1CC
	19.5
	19.5
	19.5
	No impact from image possible



Observations on Image exception:
· Image at 28 dBc results in up to 1 dB additional MPR for CP-OFDM compared to the equivalent single CC case when image and ACLR regions overlap, which correspond to a 3 dB spectral regrowth reduction to be able to meet the mask. 
· With typical implementations that have better than 30 dB image rejection the worst case impact is 0.3 dB which is acceptable
· Due to margin on spectral regrowth there is very limited impact for DFT-s-OFDM at 28 dBc image rejection
· For implementation that are 256QAM capable and that have >34 dB image rejection, the impact should smaller than the measurement error
Proposal 4 on PC5 wideband operation: 
· Exception at 28 dBr is confirmed
· Wideband operation NR-U masks are used as general requirement and NR SEM not required
· For cases where image and spectral regrowth overlap (0100, 0010, 1100, 0011 cases), compared to single carrier operation:
· For DFT-s-OFDM QPSK waveforms 0.5 dB additional MPR
· For CP-OFDM QPSK waveforms 1 dB additional MPR
Conclusions
In this contribution, we present our measurements for QPSK waveforms in both single carrier and wideband operation case. Based on these measurements, the following proposals and observations are made for NR-U MPR and A-MPR.

Proposal 1:
· The Inner/outer allocation distinction is not used for NR-U MPR
· Centered interlaced waveform use for MOP definition is FFS
Proposal 2 for single carrier case:
· NR-U mask is used as general requirement and NR SEM not required
· MPR for PC5 QPSK:
· For all (full and interlace) DFT-s-OFDM QPSK waveforms 1 dB MPR
· For all (full and interlace) CP-OFDM QPSK waveforms 2.5 dB MPR
· MPR for PC3 QPSK: one additional dB MPR is added to the PC5 case

Proposal 3 for PC5 QPSK single carrier case:
· A-MPR is the same for full and interlaced and CP-OFDM and DFT-s-OFDM waveforms
· A-MPR for 10 and 11 dBm/MHz in-band PSD: no A-MPR needed
· A-MPR for 4 dBm/MHz in-band PSD:
· 5 dB A-MPR for all QPSK waveforms at 20MHz
· 2 dB A-MPR for all QPSK waveforms at 40MHz

Proposal 4 on PC5 wideband operation: 
· Exception at 28 dBr is confirmed
· Wideband operation NR-U masks are used as general requirement and NR SEM not required
· For cases where image and spectral regrowth overlap (0100, 0010, 1100, 0011 cases), compared to single carrier operation:
· For DFT-s-OFDM QPSK waveforms 0.5 dB additional MPR
· For CP-OFDM QPSK waveforms 1 dB additional MPR
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BW [MHz] 20 40 80 100 20 40 80 100 20 40 80 100 20 40 80 100

SCS [kHz] 15 15 30 30 15 15 30 30 15 15 30 30 15 15 30 30

 -30 dB ACLR 19.3 17.3

 -27 dB ACLR 20.2 19.7 19.6 19.6 18.2 18.2 18.1 18.1

NRU SEM 20.0 19.6 19.5 19.0 20.0 19.5 19.5 18.9 18.8 18.3 18.2 18.2 18.7 18.5 18.5 18.4

NR SEM 20.8 19.5

in band 4dBm/MHz 16.8 19.7 >21 >21 15.1 18.5 21.6 22.0 16.5 19.4 >21 >21 15.6 18.4 21.2 22.0

In band 10dBm/MHz  >21 >21 >21 >21 21.1 >21 >21 >21 >21 >21 >21 >21 21.2 >21 >21 >21
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