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Introduction
At RAN4 #100e, agreements were reached on UE transmitter (TX) assumptions, requirements and priorities to evaluate MPR and A-MPR for NR-U intra-band contiguous uplink (UL) carrier aggregation (CA) [1]. Based on these agreements, this document presents back-off measurements to evaluate MPR for PC5 using a Wi-Fi 5GHz Power Amplifier (PA). A-MPR has not been evaluated and is proposed for further study (FFS).
Discussion
Power Amplifier Calibration and Test Waveforms
The test conditions are set as follows: 
· A 5GHz WiFi PA is calibrated to meet 1dB MPR for power class (PC) 5 using the agreed 20MHz 100RB3 QPSK DFT-s-OFDM SCS 15kHz reference waveform;
· Local Oscillator (LO) leakage has been disabled to avoid erroneous NR-U SEM scaling and therefore erroneous back-off gating levels;
· IQ Image rejection: -28dB;
· Gating measurements: only MPR gating is evaluated using:
· PC 5 ACLR: -27dBc; and
· Agreed Spectrum Emission Mask (SEM) in WF [1]. The spectrum emission mask for non-transmitted channels is floored at -28dBr.

The list of tested waveforms is captured in Table 1 with the following naming convention:
· All tested waveforms are QPSK modulated.
· UL-CA component carrier (CC) configurations: 
· 20MHz+20MHz and 80MHz+80MHz are evaluated with lowest valid SCS;
· For 80+80MHz, only contiguous sub-bands across the two CCs are configured. In the waveform naming example of [00011000], the “1” indicate the fourth sub-band of CC1 and the first sub-band of CC2 are transmitted, the “0” indicate that the 1st,2nd,3rd sub-band of CC1 and 2nd,3rd,4th sub-band of CC2 are not transmitted.
· Full and RB interlaced allocations in the transmitted sub-bands of CC1 and transmitted sub-bands of CC2.
· Hybrid configurations of full allocations in the transmitted sub-bands of CC1 and interlaced allocations in the transmitted sub-bands of CC2.
· Resource Block (RB) allocations:
· “Full” refers to fully allocated waveforms for a given channel bandwidth or given sub-band.
· “CP_1RBI_0”: refers to a CP-OFDM interlaced waveform with 1RB_0 repeated according to the configured SCS wideband configuration and associated nominal intra-cell guard band. The example of waveform “[CP 1RBI_0] + [CP_1RBI_0] [00011000] is shown in Figure 1.
· Single carrier waveform naming “DFT_20M0_100RB3”:
· “DFT/CP”: refers to either DFT-s-OFDM / CP-OFDM waveform type respectively;
· “20M” refers to 20MHz channel bandwidth (CBW);
· “0” refers to numerology “0”, i.e. SCS15kHz; and
· “100RB3” refers to Lcrb=100RBs with start position RBstart=3.
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[bookmark: _Ref85751213]Figure 1: Sketch of [CP 1RBI_0] + [CP 1RBI_0] [00011000] waveform example: 80+80MHz UL-CA, 10x1RB_0 transmitted in sub-band #4 CC1 and in sub-band #1 of CC2 using lowest SCS of 30kHz. Non-transmitted sub-bands are not shown.


[bookmark: _Ref85748044]Table 1: List of measured NR-U waveforms
	 
	Waveform Name
	SCS

	20+20 MHz UL-CA
	[CP Full] + [CP Full] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_0] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_5] [20+20]
	15+15

	
	[DFT Full] + [DFT Full] [20+20]
	15+15

	
	[DFT 1RBI_0] + [DFT 1RBI_0] [20+20]
	15+15

	80+80 MHZ UL-CA
	[CP Full] + [CP Full] [00011000]
	30+30

	
	[CP Full] + [CP Full] [00111000]
	30+30

	
	[CP Full] + [CP Full] [01111000]
	30+30

	
	[CP Full] + [CP Full] [11111000]
	30+30

	
	[CP Full] + [CP Full] [11111100]
	30+30

	
	[CP Full] + [CP Full] [11111110]
	30+30

	
	[CP Full] + [CP Full] [11111111]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_0] [00011000]
	30+30

	
	[CP 1RBI_2] + [CP 1RBI_4] [00011000]
	30+30

	
	[CP 1RBI_1] + [CP 1RBI_1] [01111000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_4] [01111000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_0] [11111000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_4] [11111000]
	30+30

	
	[DFT Full] + [DFT Full] [00011000]
	30+30

	
	[DFT Full] + [DFT Full] [00111000]
	30+30

	
	[DFT Full] + [DFT Full] [01111000]
	30+30

	
	[DFT Full] + [DFT Full] [11111000]
	30+30

	
	[DFT Full] + [DFT Full] [11111100]
	30+30

	
	[DFT Full] + [DFT Full] [11111110]
	30+30

	
	[DFT Full] + [DFT Full] [11111111]
	30+30

	
	[DFT 1RBI_2] + [DFT 1RBI_4] [00011000]
	30+30

	
	[DFT 1RBI_2] + [DFT 1RBI_2] [01111000]
	30+30

	
	[DFT 1RBI_1] + [DFT 1RBI_4] [01111000]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_0] [11111000]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_4] [11111000]
	30+30

	Hybrid “Full/Interlaced”
	 [CP Full] + [CP 1RBI_0] [20+20]
	15+15

	
	[DFT Full] + [DFT 1RBI_5] [20+20]
	15+15

	
	[CP Full] + [CP 1RBI_0] [11111111]
	30+30

	
	[CP Full] + [CP 1RBI_0] [11111100]
	30+30

	
	[CP Full] + [CP 1RBI_0] [11111000]
	30+30

	
	[CP Full] + [CP 1RBI_0] [01111000]
	30+30

	
	[DFT Full] + [DFT 1RBI_0] [11111000]
	30+30



Measurement Results
Figure 2 summarizes the measured back-off for each gating factor with waveforms split into 5 groups, and with from left to right:
· DFT-s-OFDM PA calibration waveform;
· Group 1: 20+20MHz and waveforms ordered as in Table 1;
· Group 2: 80+80MHz fully allocated CP OFDM waveforms;
· Group 3: 80+80MHz interlaced CP OFDM waveforms;
· Group 4: 80+80MHz fully allocated DFT-s-OFDM waveforms; and
· Group 5: 80+80MHz interlaced DFT-s-OFDM waveforms.
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[bookmark: _Ref40441275]Figure 2: PC5 back-off measurement results for full/full and interlaced/interlaced allocations.

The measured back-off for hybrid configurations are summarized in Figure 3 and split into three groups: 20+20MHz, 80+80 CP-OFDM, 80+80 DFT-s-OFDM.
[image: ]
[bookmark: _Ref85753028]Figure 3: PC5 back-off measurement results for “hybrid” full/interlaced allocations.
Observation 1: For full/full and interlaced/interlaced allocations:
· Full/full allocations: for both CP-OFDM and DFT-s-OFDM 80+80 configurations:
· MPR is gated by SEM for both CP and DFT-s-OFDM.
· The highest back-off is met for asymmetric WB configurations [11111000] and [01111000] where the -28dB image rejection of the modulated sub-bands fail the SEM.
· The next highest back-off is met in full WB configurations [11111111].
· Interlaced/interlaced: for 80+80 configurations:
· MPR is gated by SEM for DFT-s-OFDM waveforms;
· MPR is gated by ACLR for full WB configurations [11111111], otherwise driven by SEM;
· The back-off for the tested interlaced waveforms is lower than for the case of fully allocated waveforms;
· It should be noted however that the selected interlaced waveforms may not be representative of the worst IMD landscape since the tested RB interlaced patterns do not ensure maximum IMD overlap;
· Further study of power back-off of interlaced/interlaced configurations is required; and
· There is little difference in measured back-off for CP interlaced/interlaced and DFT interlaced/interlaced for 80+80MHz.
Observation 2: For “hybrid” full/interlaced allocations:
· SEM remains the dominating gating factor for all waveform types on this limited selection of tested waveforms;
· Due to missing interlaced/interlaced waveforms that maximize IMD overlap, it is not possible to conclude if the measured power back-off required to pass SEM for hybrid “Full/interlaced” allocations is covered by the back-off of “interlaced/interlaced” allocations; and
· Further study of power back-off of hybrid configurations is required as these allocations offer a much higher spectrum utilization than the interlaced/interlaced waveforms.
Proposal 1: PC5 contiguous UL-CA MPR:
•	Further study power back-off for interlaced waveforms where IMD overlap is maximized; and
•	Further study MPR table format at next meeting for all allocation types.
Conclusions
In this contribution, we present our measurement results for NRU intra-band contiguous uplink CA operation. It was not possible to conclude if MPR for interlaced/interlaced waveforms may be as high as full/full allocations. It was also not possible to conclude if MPR for hybrid full/interlaced waveforms may be covered by interlaced/interlaced MPR. Based on observations 1 and 2, we propose the following:

Proposal 1: PC5 contiguous UL-CA MPR:
•	Further study power back-off for interlaced waveforms where IMD overlap is maximized; and
•	Further study MPR table format at next meeting for all allocation types.
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