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Introduction 
Due to lack of contributions and no comment collected on this topic at RAN4 #101-bis-e, this document is a re-submission [1]. This document presents back-off measurements with data collected using a Wi-Fi 5GHz Power Amplifier (PA). This data comes to complement RAN#101-e measurement data [2]. A-MPR has not been evaluated and is proposed for further study (FFS) at next meeting.
Discussion
Power Amplifier Calibration and Test Waveforms
The test conditions are set as follows: 
· A 5GHz Wi-Fi 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 2 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. CC1 denotes the lowermost CC, CC2 denotes the uppermost CC. 
· Wideband operation: in the waveform naming example of [0001][1000]:
· the “1” indicate the fourth sub-band of CC1 and the first sub-band of CC2 are transmitted; and 
· the “0” indicate that the 1st,2nd,3rd sub-band of CC1 and 2nd,3rd,4th sub-band of CC2 are not transmitted.
· “CC1 Full + CC2 Full” (i.e. full RB allocations in both CC).
· “CC1 Inter + CC2 Inter” (i.e. interlaced RB allocations in both CC).
· Hybrid configurations of “CC1 Full” + “CC2 Inter” are also evaluated.
· 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.
· 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.
Compared to the list of candidate waveforms measured in [2], Table 1 adds several interlaced waveforms for which RBstart is incremented by 1RB step to evaluate the impact of IMD overlap on measured PA BO.



[bookmark: _Ref85748044]Table 2: List of measured NR-U waveforms (110 in total)
	 
	Waveform Name
	SCS
	
	Waveform Name
	SCS

	Single Carriers
	CP_4_40MHZ_216RB_0_15
	15
	80+80 MHz UL-CA
	[DFT Full] + [DFT Full] [1111][1000]
	30+30

	
	CP_4_40MHZ_1RBI_0_15_11
	15
	
	[DFT Full] + [DFT Full] [1111][1100]
	30+30

	
	DFT_4_40MHZ_216RB_0_15
	15
	
	[DFT Full] + [DFT Full] [1111][1110]
	30+30

	
	DFT_4_40MHZ_1RBI_0_15_11
	15
	
	[DFT Full] + [DFT Full] [1111][1111]
	30+30

	20+20 MHz UL-CA
	[CP Full] + [CP Full] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_0] [1111][1000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_0] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_1] [1111][1000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_1] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_2] [1111][1000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_2] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_4] [1111][1000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_3] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_0] [1111][1100]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_4] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_1] [1111][1100]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_5] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_2] [1111][1100]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_6] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_4] [1111][1100]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_7] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_0] [1111][1110]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_8] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_1] [1111][1110]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_9] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_2] [1111][1110]
	30+30

	
	[DFT Full] + [DFT Full] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_4] [1111][1110]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_0] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_0] [1111][1110]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_1] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_0] [1111][1111]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_2] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_1] [1111][1111]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_3] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_2] [1111][1111]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_4] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_4] [1111][1111]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_5] [20+20]
	15+15
	
	[DFT 1RBI_0] + [DFT 1RBI_0] [1111][1111]
	30+30

	
	[DFT 1RBI_0] + [DFT 1RBI_6] [20+20]
	15+15
	80+80 MHZ UL-CA
Hybrid “CC1 Full + CC2 Interlaced”
	[CP Full] + [CP 1RBI_0] [20+20]
	15+15

	
	[DFT 1RBI_0] + [DFT 1RBI_7] [20+20]
	15+15
	
	[CP Full] + [CP 1RBI_1] [20+20]
	15+15

	
	[DFT 1RBI_0] + [DFT 1RBI_8] [20+20]
	15+15
	
	[CP Full] + [CP 1RBI_2] [20+20]
	15+15

	
	[DFT 1RBI_0] + [DFT 1RBI_9] [20+20]
	15+15
	
	[CP Full] + [CP 1RBI_3] [20+20]
	15+15

	80+80 MHZ UL-CA
	[CP Full] + [CP Full] [1111][1000]
	30+30
	
	[CP Full] + [CP 1RBI_4] [20+20]
	15+15

	
	[CP Full] + [CP Full] [1111][1100]
	30+30
	
	[CP Full] + [CP 1RBI_5] [20+20]
	15+15

	
	[CP Full] + [CP Full] [1111][1110]
	30+30
	
	[CP Full] + [CP 1RBI_6] [20+20]
	15+15

	
	[CP Full] + [CP Full] [1111][1111]
	30+30
	
	[CP Full] + [CP 1RBI_7] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_0] [1111][1000]
	30+30
	
	[CP Full] + [CP 1RBI_8] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_1] [1111][1000]
	30+30
	
	[CP Full] + [CP 1RBI_9] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_2] [1111][1000]
	30+30
	
	[CP Full] + [CP 1RBI_0] [1111][1000]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_4] [1111][1000]
	30+30
	
	[CP Full] + [CP 1RBI_0] [1111][1100]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_0] [1111][1100]
	30+30
	
	[CP Full] + [CP 1RBI_0] [1111][1110]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_1] [1111][1100]
	30+30
	
	[CP Full] + [CP 1RBI_0] [1111][1111]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_2] [1111][1100]
	30+30
	
	[CP Full] + [CP 1RBI_1] [1111][1111]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_4] [1111][1100]
	30+30
	
	[CP Full] + [CP 1RBI_2] [1111][1111]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_0] [1111][1110]
	30+30
	
	[CP Full] + [CP 1RBI_3] [1111][1111]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_1] [1111][1110]
	30+30
	
	[CP Full] + [CP 1RBI_4] [1111][1111]
	30+30

	
	[CP 1RBI_0] + [CP 1RBI_2] [1111][1110]
	30+30
	
	[DFT Full] + [DFT 1RBI_0] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_4] [1111][1110]
	30+30
	
	[DFT Full] + [DFT 1RBI_1] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_0] [1111][1110]
	30+30
	
	[DFT Full] + [DFT 1RBI_2] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_0] [1111][1111]
	30+30
	
	[DFT Full] + [DFT 1RBI_3] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_1] [1111][1111]
	30+30
	
	[DFT Full] + [DFT 1RBI_4] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_2] [1111][1111]
	30+30
	
	[DFT Full] + [DFT 1RBI_5] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_4] [1111][1111]
	30+30
	
	[DFT Full] + [DFT 1RBI_6] [20+20]
	15+15

	
	[CP 1RBI_0] + [CP 1RBI_0] [1111][1111]
	30+30
	
	[DFT Full] + [DFT 1RBI_7] [20+20]
	15+15

	
	
	[DFT Full] + [DFT 1RBI_8] [20+20]
	15+15

	
	
	[DFT Full] + [DFT 1RBI_9] [20+20]
	15+15

	
	
	[DFT Full] + [DFT 1RBI_0] [1111][1000]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_0] [1111][1100]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_0] [1111][1110]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_0] [1111][1111]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_1] [1111][1111]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_2] [1111][1111]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_3] [1111][1111]
	30+30

	
	
	[DFT Full] + [DFT 1RBI_4] [1111][1111]
	30+30



Measurement Results
Measurement results for CC configuration Full/Full, Interlaced/Interlaced and single carrier operation are plotted in Figure 1 for CP-OFDM waveforms, and in Figure 2 for DFT-s-OFDM waveforms. Measurement results for “hybrid” Full/Interlaced CC configuration are plotted for both CP-OFDM and DFT-s-OFDM in Figure 3.
[image: ]
[bookmark: _Ref40441275]Figure 1: PC5 CP-OFDM back-off measurement results for CC configuration Full/Full, Interlaced/Interlaced and single carrier operation.
[image: ]
[bookmark: _Ref85753028]Figure 2: PC5 DFT-s-OFDM back-off measurement results for CC configuration Full/Full, Interlaced/Interlaced and single carrier operation.

[image: ]
[bookmark: _Ref92640202]Figure 3: PC5 CP-OFDM and DFT-s-OFDM back-off measurement results for “hybrid” Full/Interlaced CC configuration. 
Observation 1 from Figure 1: For CP-OFDM full/full and interlaced/interlaced allocations,
· ACLR gating BO is nearly constant at 2.5dB for all types of CC configurations. This can be explained by PAPR being nearly constant across all CC configurations for CP-OFDM waveforms. Refer to Figure 5 for a comparison of CCDF levels vs CC configurations.
· The PA BO is dominated by SEM gating. For interlaced waveforms, SEM BO gating level depends on RBstart position of CC2 thereby confirming that when IMD products overlap each other, the required BO level increases. Refer to example of waveforms labelled “B” ([CP 1RBI_0] + [CP 1RBI_0] [1111][1000]) and “C” ([CP 1RBI_0] + [CP 1RBI_1] [1111][1000] ) with illustration in Figure 4; IMD overlap occurs in case “C”.
· 20+20MHz configuration: BO is gated by SEM and varies vs CC2 RBstart. BO peaks for RBstart 3,4 at 3.3dB;
· 80+80MHz:
· [1111]+[1000]: SEM BO level is dominated by IMD products hitting -28dBr SEM floor: and
· For Full/Full configuration: SEM BO peaks at 5.2dB; Refer to waveform labelled “A” in Figure 4;
· For Interlaced/Interlaced configuration: SEM BO peaks for RBstart =1 at 3.6dB.
· [1111]+[1100] and [1111]+[1110] exhibit near similar patterns between Full/Full and Interlaced/Interlaced configurations:
· For Full/Full configuration: SEM BO peaks at 3.6dB; and
· For Interlaced/Interlaced configuration: SEM BO peaks at 3.0dB.
· [1111]+[1111]:
· For Full/Full configuration: SEM BO peaks at 3.6dB, ie similar to [1111]+[1100] and [1111]+[1110]; and
· For Interlaced/Interlaced configuration: SEM BO is slightly higher and peaks at 3.5dB.

[image: ]
[bookmark: _Ref92642071]Figure 4: PC5 CP-OFDM SEM gating examples of cases A, B, C from Figure 1. 

Observation 2 from Figure 2: For DFT-s-OFDM full/full and interlaced/interlaced CC configuration,
· ACLR gating BO is nearly constant at 2.0dB for all types of ULCA CC configurations. The ACLR BO increase highlighted in box “D” (Figure 2) can be explained by the increase in PAPR between the waveforms for single carrier fully allocated, UL-CA full/full CCs, single carrier interlaced, and ULCA interlaced/interlaced CC configurations shown in Figure 5.
· The PA BO is dominated by SEM gating. Similarly to CP-OFDM Figure 1, for DFT-s-OFDM interlaced waveforms, the SEM BO gating level depends on RBstart position of CC2, with BO peaking when IMD IMD products overlap each other. Example of [DFT 1RBI_0] + [DFT 1RBI_0] [1111][1000]) vs [DFT 1RBI_0] + [DFT 1RBI_1] [1111][1000] ).
· 20+20MHz configuration: BO is gated by SEM and varies vs CC2 RBstart. BO peaks at 3.0dB.
· 80+80MHz:
· [1111]+[1000]: SEM BO level is dominated by IMD products hitting -28dBr SEM floor like for CP-OFDM;
· For Full/Full configuration: SEM BO peaks at 3.0dB; and 
· For Interlaced/Interlaced configuration: SEM BO peaks for RBstart =1 at 2.7dB.
· [1111]+[1100] and [1111]+[1110] exhibit near similar patterns between Full/Full and Interlaced/Interlaced configurations:
· For Full/Full configuration: SEM BO peaks at 2.8dB; and
· For Interlaced/Interlaced configuration: SEM BO peaks at 2.4dB.
· [1111]+[1111]:
· For Full/Full configuration: SEM BO peaks at 3.1dB; and
· For Interlaced/Interlaced configuration: SEM BO is slightly higher and peaks at 2.7dB.
[image: ]
[bookmark: _Ref92642731]Figure 5: CCDF at 0.01% vs CC configuration for CP-OFDM and DFT-s-OFDM (example case “D” from Figure 2) 

Observation 3 (Figure 1,Figure 2,Figure 4): For full/full CC configurations, the maximum PA BO is dominated by gating the -28dBr SEM floor in [1111] + [1000] CC configuration. This is due to -28dB image rejection of input waveforms which leaves a very small margin vs SEM floor when CC configuration is strongly asymmetric.
Observation 4: For hybrid full/interlaced CC configuration (Figure 3)
· For CP-OFDM: 
· 20+20MHz: BO level gated by ACLR, peaking at 2.5dB. This level is nearly that of a single carrier; and
· 80+80MHz: BO level is gated by SEM. SEM gating varies slightly vs RBstart on CC2, peaking at 3.3dB.
· For DFT-s-OFDM:
· 20+20MHz: BO level is gated by ACLR, peaking at 1.3dB. This level is nearly that of a single carrier; and
· 80+80MHz: BO level is dominated by SEM -28dBr floor in CC configuration [1111][1000] and peaks at 2.5dB. Refer to excerpt of waveform [DFT Full] + [DFT 1RBI_0] [1111][1000] labelled “E” in Figure 6.
[image: ]
[bookmark: _Ref92643838]Figure 6: PC5 CP-OFDM SEM gating examples of case “E” [1111]+[1000] Full RB allocation + 1RBI_0 at 2.5dB BO (Figure 3). 

Proposal: Based on these observations, we propose to adopt:
· 3.0dB MPR for all QPSK DFT-s-OFDM waveforms except for WB configuration [1111]+[1000] with full RB allocation for which [4.0]dB MPR is proposed; and 
· 4.0 MPR for all QPSK CP-OFDM waveforms except for WB configuration [1111]+[1000] with full RB allocation for which [5.5]dB MPR is proposed.
Conclusions
In this contribution, we present our measurement results for NRU intra-band contiguous uplink CA operation. Based on observations 1, 2, 3, 4 we propose the following:

Proposal: Based on these observations, we propose to adopt:
· 3.0dB MPR for all QPSK DFT-s-OFDM waveforms except for WB configuration [1111]+[1000] with full RB allocation for which [4.0]dB MPR is proposed; and
· 4.0 MPR for all QPSK CP-OFDM waveforms except for WB configuration [1111]+[1000] with full RB allocation for which [5.5]dB MPR is proposed.
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