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Introduction
At RAN4 #94-e-Bis, agreements were reached on several UE transmitter (TX) requirements to evaluate MPR: NRU spectrum mask evaluation, power class (PC) 3 and PC5 definition, EVM and impairments budget, and 1dB MPR reference waveform [1]. Based on these agreements, this document presents back-off measurements both PC3 based on two PC5 PAs and PC5 using a Wi-Fi 5GHz Power Amplifier (PA) and proposes MPR tables.
Discussion
Power Amplifier Calibration and Test Waveforms
A 5GHz Wi-Fi PA power amplifier (PA) is calibrated to meet 1 dB MPR for Power Class 5 using the agreed 20MHz 100RB3 QPSK DFT-s-OFDM SCS 15kHz reference waveform [1]. Test conditions are set as follows:
-	Image and Local Oscillator rejection is set to -28 dBc; 
-	Tested waveforms are summarized in Table 1, where the following naming convention is used:
- Waveform type: DFT/CP refers to either DFT-s-OFDM / CP-OFDM respectively,
- Cell Bandwidth (CBW): 20M/40M/6M0/80M refers to 20/40/60/80 MHz CBW respectively,
- Numerology / Sub-Carrier Spacing (SCS): the number after the dell bandwidth refers to numerology order 0/1, i.e. to SCS 15/30kHz respectively,
- Resource Block (RB) allocation for fully allocated waveforms: xxRByy refers to an RB allocation of length LCRB=”xx” at offset start position “yy”. 
- Resource Block (RB) allocation for interlaced waveforms: XXxYRBZ where XX is the number of repletion of the interlace, Y the number of allocated RB per interlace, Z the position of the first allocated RB within the interlace.
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Table 1: List of measured NR-U waveforms 
	 
	Waveform Name
	Waveform Type
	SCS

	Full Allocations Single CC
	DFT_20M0_100RB3
	DFT-s-OFDM 20MHz QPSK 100RB3
	15

	
	DFT_20M0_100RB0
	DFT-s-OFDM 20MHz QPSK 100RB0
	15

	
	DFT_20M1_50RB0
	DFT-s-OFDM 20MHz QPSK 50RB0
	30

	
	DFT_40M0_216RB0
	DFT-s-OFDM 40MHz QPSK 216RB0
	15

	
	DFT_80M1_216RB0
	DFT-s-OFDM 80MHz QPSK 216RB0
	30

	
	CP_20M0_106RB0
	CP-OFDM 20MHz QPSK 106RB0
	15

	
	CP_20M1_51RB0
	CP-OFDM 20MHz QPSK 51RB0
	30

	
	CP_40M0_216RB0
	CP-OFDM 40MHz QPSK 216RB0
	15

	
	CP_80M1_217RB0
	CP-OFDM 40MHz QPSK 217RB0
	30

	Interlaced Allocations Single CC
	DFT_20M0_10x1RB0
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB0 every 10RBs
	15

	
	DFT_20M0_10x1RB1
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB1 every 10RBs
	15

	
	DFT_20M0_10x1RB3
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB3 every 10RBs
	15

	
	DFT_20M0_10x1RB4
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB4 every 10RBs
	15

	
	DFT_20M0_10x1RB6
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB6 every 10RBs
	15

	
	DFT_20M0_10x1RB9
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB9 every 10RBs
	15

	
	DFT_20M1_10x1RB0
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB0 every 5RBs
	30

	
	DFT_20M1_10x1RB4
	DFT-s-OFDM 20MHz QPSK: 10 x 1RB4 every 5RBs
	30

	
	DFT_40M0_20x1RB0
	DFT-s-OFDM 20MHz QPSK: 20 x 1RB0 every 10RBs
	15

	
	DFT_80M1_40x1RB0
	DFT-s-OFDM 20MHz QPSK: 40 x 1RB0 every 5RBs
	30

	
	CP_20M0_10x1RB0
	CP-OFDM 20MHz QPSK: 10 x 1RB0 every 10RBs
	15

	
	CP_20M0_10x1RB5
	CP-OFDM 20MHz QPSK: 10 x 1RB5 every 10RBs
	15

	
	CP_20M0_11x1RB0
	CP-OFDM 20MHz QPSK: 11 x 1RB0 every 10RBs
	15

	
	CP_20M0_11x1RB5
	CP-OFDM 20MHz QPSK: 11 x 1RB5 every 10RBs
	15

	
	CP_40M0_22x1RB0
	CP-OFDM 20MHz QPSK: 22 x 1RB0 every 10RBs
	15

	
	CP_80M1_44x1RB0
	CP-OFDM 20MHz QPSK: 44 x 1RB0 every 5RBs
	30

	Wideband Operation
	DFT_WB80M1_1000
	1x DFT-s-OFDM QPSK sub-band centered -30MHz offset from Fc
	30

	
	DFT_WB80M1_0100
	1x DFT-s-OFDM QPSK sub-band centered -10MHz offset from Fc
	30

	
	DFT_WB80M1_1111
	4x DFT-s-OFDM QPSK sub-bands centered on Fc
	30

	
	CP_WB80M1_1000
	1x CP-OFDM QPSK sub-band centered -30MHz offset from Fc
	30

	
	CP_WB80M1_0100
	1x CP-OFDM QPSK sub-band centered -10MHz offset from Fc
	30

	
	CP_WB80M1_1100
	2x CP-OFDM QPSK sub-bands centered -20MHz offset from Fc
	30

	
	CP_WB80M1_1110
	3x CP-OFDM QPSK sub-bands centered -10MHz offset from Fc
	30

	
	CP_WB80M1_1111
	4x CP-OFDM QPSK sub-bands centered on Fc
	30



Measurement Gating Factors
All measurements are gated according to agreements reached in [1], i.e.:
· Maximum QPSK EVM budget at PA output with IQ impairments: 10.8% rms EVM. EVM is measured on fully allocated waveforms,
· PC5 ACLR: -27 dBc,
· PC3 ACLR: -30 dBc, with PC 3 defined as two PC5 paths,
· Spectrum Emission Mask (SEM): Mask limits are set according to [4] for both single CC and wideband operation,
Measurement procedure: we modified the built-in  802.11ac/ax of the test equipment so that the limits meet the NR-U SEM limits in [4]. In that respect, the Peak Reference power level is measured according to 802.11ac/ax as:
· A 100 kHz resolution bandwidth is used (note that 30kHz was used for 11ac) with a video bandwidth of 7.5 kHz;
· The mask is applied as is (no offsets applied) and being in dBr, is referred to the in band peak measured in 1 MHz; and
· 100x Sweep average is used per mask segment.

Considering the Peak Reference power level integrates any spectrum peak/spur within the pass-band bandwidth, we have disabled Local Oscillator (LO) leakage for all SEM measurements to avoid erroneous NR-U SEM scaling and therefore erroneous back-off gating levels. An example of LO leakage impact on offsetting the NR-U 0dBr peak reference power level is shown in Figure 1.
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[bookmark: _Ref40197172]Figure 1: Impact of LO leakage on single carrier NR-U SEM 0dBR peak reference level (example of CP_20M0_106RB0 waveform). Screenshots captured at same PA back-off level. Top: -28dBc LO leakage enabled, Bottom: LO leakage disabled.
The impact of LO leakage on SEM gating is also problematic in the case of asymmetric wideband operation. Since there is currently no provision in the test equipment to remove LO leakage from the 0dBr peak reference power measurement procedure, we make the following proposal:

Proposal 1: Further study the impact of LO leakage onto the SEM measurement procedure for the case of single carrier, uplink carrier aggregation and wideband operation.

Measurement Results
Figure 2 summarizes the measured back-off for each gating factor, each waveform for both PC3 and PC5 operation with from left to right:
· DFT-s-OFDM fully allocated waveforms in increasing SCS and Bandwidth
· CP-OFDM fully allocated waveforms in increasing SCS and Bandwidth
· DFT-s-OFDM interlace waveforms in increasing SCS and Bandwidth
· CP-OFDM interlace waveforms in increasing SCS and Bandwidth
· Wideband operation DFT-s-OFDM waveform in increasing allocated sub-band 
· Wideband operation CP-OFDM waveform in increasing allocated sub-band
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[bookmark: _Ref40441275]Figure 2: NR-U PC5, PC3 back-off measurement results.

Observation 1: Using the reference 1dB MPR waveform DFT_20M0_100RB3 [1]:
· PC5 1dB MPR is gated by SEM;
· Using 30dB ACLR, DFT-s-OFDM fully allocated waveform PC3 MPR is 1.5dB which is equivalent to PC5 MPR for the same waveforms; and
· In both cases, EVM is not the dominating gating factor but worst case PC5 SEM is close to 30dB ACLR PC3 based MPR.

Observation 2: For single CC, fully allocated waveforms and PC5 operation, back-off increases with spectrum utilization, and:
· SEM remains dominating gating factor for DFT-s-OFDM waveforms;
· EVM is the dominating gating factor for CP-OFDM waveforms.

Observation 3: For single 20MHz CC SCS15kHz, PC5 operation, there is little difference in back-off between each 1RB interlaced waveforms. Back-off reaches a minimum for waveforms in which the RB image is shifted so that minimum impact on SEM limits occur (refer to DFT_20M0_10x1RB9).

Observation 4: 0dB MPR waveforms cannot be identified.

Measured back-off levels and associated limits are summarized in Table 2.

[bookmark: _Ref40442756]Table 2: PC3, PC5 back-off levels and gating factor summary
	Waveform / Back-off / Gating factor
	20MHz
	>20MHz

	
	PC5
	PC3 TxDiv
	PC5
	PC3 TxDiv

	PC REFERENCE
	DFT_20M0_100RB3
	1
	SEM
	1.5
	ACLR
	
	
	
	

	Full allocations
	DFT-s-OFDM
	1.5
	SEM
	1.5
	ACLR
	2
	SEM
	2.5
	ACLR

	
	CP-OFDM
	3
	EVM
	3.5
	ACLR
	3.5
	ACLR
	4
	ACLR

	Interlaced allocations
	DFT-s-OFDM
	2
	ACLR
	3
	ACLR
	2
	ACLR
	3
	ACLR

	
	CP-OFDM
	3
	ACLR
	4
	ACLR
	3
	ACLR
	4
	ACLR

	WB1 = 1sub-band
	DFT-s-OFDM
	1.5
	SEM
	
	
	
	
	
	

	
	CP-OFDM
	3.5
	SEM
	
	
	
	
	
	

	WB2 = 2sub-band
	DFT-s-OFDM
	2
	SEM
	
	
	
	
	
	

	
	CP-OFDM
	4
	SEM
	
	
	
	
	
	

	WB3 = 3sub-band
	DFT-s-OFDM
	2
	SEM
	
	
	
	
	
	

	
	CP-OFDM
	3
	SEM
	
	
	
	
	
	

	WB4 = 4sub-band
	DFT-s-OFDM
	2
	SEM
	
	
	
	
	
	

	
	CP-OFDM
	3
	SEM
	
	
	
	
	
	



Observation 5: Considering the budget of 10.8% rms (including the image rejection contribution), EVM becomes the dominating gating factor for CP-OFDM waveforms. Further MPR evaluations is needed to investigate the impact on the MPR required for interlaced waveforms. 

Proposal 2 on PC3 power class definition: 
· PC3 ACLR is 30dB; and
· PC3 is defined at 23dBm +2/-3dB with 1.5dB MPR for DFT-s-OFDM QPSK 20 MHz 100RB3 waveform.

Proposal 3 on PC5 MPR:
· Separate MPR values for up to 20MHz channel bandwidth and above 20MHZ channel bandwidth are evaluated;
· Separate MPR value are used for CP-OFDM and DFT-s-OFDM; and
· Values in Table 2 are used for defining CP-OFDM and DFT-s-OFDM QPSK MPR for fully allocated and interlaced waveforms.
Conclusion
In this contribution, we present our measurement results for NRU single carrier and wideband operation. It was not possible to identify a 0dB MPR waveform on the limited tested waveforms. Considering EVM is the dominating factor for CP-OFDM waveforms, we encourage interested companies in evaluation the MPR needed for interlaced waveforms. Based on observations 1 to 5, we make the following proposals:

Proposal 1: Further study the impact of LO leakage onto the SEM measurement procedure for the case of single carrier, uplink carrier aggregation and wideband operation.

Proposal 2 on PC3 power class definition: 
· PC3 ACLR is 30dB; and
· PC3 is defined at 23dBm +2/-3dB with 1.5dB MPR for DFT-s-OFDM QPSK 20 MHz 100RB3 waveform.

Proposal 3 on PC5 MPR:
· Separate MPR values for up to 20MHz channel bandwidth and above 20MHZ channel bandwidth are evaluated;
· Separate MPR value are used for CP-OFDM and DFT-s-OFDM; and
· Values in Table 2 are used for defining CP-OFDM and DFT-s-OFDM QPSK MPR for fully allocated and interlaced waveforms.
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