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1. Introduction
At the last RAN4 meeting #107, the MPR requirements for NR-U power class 3 (PC3) were agreed in Change Request [1]. This contribution presents measurements data for power class 3 (PC3) MPR for both 1Tx PC3 and 2Tx PC5 based on the RAN4 meeting #107 agreed WF [2]. This measurement campaign focuses on MPR values that were tentatively agreed in brackets for CP-OFDM exceptions for 100MHz channel bandwidth (CBW).
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
2.1 MPR measurement results
The NR-U PC3 power amplifier (PA) measurements are performed using the following assumptions:
· PC3 ACLR requirement: 27dBc
· 1Tx PC3 PA calibration: linearity adjusted to meet 30dBc ACLR at 1dB MPR using QPSK DFT-s-OFDM 20MHz 100RB0 SCS 15(kHz)
· 2Tx PC5 PA calibration: linearity adjusted to meet 27dBc ACLR and/or NR-U 20MHz SEM for each PC5 PA at 1dB MPR using QPSK DFT-s-OFDM 20MHz 100RB0 SCS 15(kHz)
· Waveform types: CP-OFDM, DFT-s-OFDM,
· UL RB allocations: fully allocated and partial RB allocation, including interlaced waveforms for both CP-OFDM and DFT-s-OFDM and partial wideband operation.
· UL channel bandwidth (CBW): 100MHz
· Modulation order: QPSK only.
2.1.1 1Tx PC3 results
Figure 1 and Figure 2 show the measured 1Tx PC3 raw output-back-off (OBO) respectively for CP-OFDM and DFT-s-OFDM QPSK 100MHz waveforms.
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[bookmark: _Ref135067346]Figure 1: CP-OFDM QPSK 100MHz 1Tx PC3 raw PA OBO results (plain dots) vs agreed MPR (black lines).
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[bookmark: _Ref142643330]Figure 2: DFT-s-OFDM QPSK 100MHz 1Tx PC3 raw PA OBO results (plain dots) vs agreed MPR (black lines).

Observation 1: 
For CP-OFDM:
· For WB configurations eligible to CP-OFDM exception MPR, the worst OBO is ~ 3.5dB. This 1dB lower than the tentatively agreed MPR in [1]
· Fully allocated QPSK OBO is equally gated by ACLR and SEM at OBO ~2.2dB. This is 0.2dB higher than the maximum MPR allowance [1] and may be explained by a small memory effect at 100MHz CBW.
· Due to the difference in PA calibration point, the 1Tx PC3 OBO is lower than the counterpart 1Tx PC5 OBO for UL configurations where ACLR is the gating factor.
For DFT-s-OFDM:
· the worst-case partial OBO is ~1.7dB, i.e. the agreed partial MPR allowance is sufficient.
· the worst-case full OBO is ~0.8dB, i.e. the agreed full MPR allowance is sufficient.
2.1.1 2Tx PC5 results
In Figure 1 and Figure 2, we present only partial measurements to check the repeatability of data presented at last meeting on key UL configurations [3]. show the measured 2Tx PC3 raw output-back-off (OBO) respectively for CP-OFDM and DFT-s-OFDM QPSK 100MHz waveforms.
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Figure 3: CP-OFDM QPSK 100MHz 2Tx PC5 raw PA OBO results (plain dots) vs agreed MPR (black lines).
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Figure 4: DFT-s-OFDM QPSK 100MHz 2Tx PC5 raw PA OBO results (plain dots) vs agreed MPR (black lines).

Observation 2: 
For CP-OFDM:
· Measurements confirm the need to allow a 5dB MPR allowance for 100MHz exception WB configurations. These waveforms are challenging due to overlap of the image of the configured UL resource block (RB) and the ACLR IMD products. 
· The worst-case OBO for fully allocated configurations is ~ 3.4dB, i.e. the tentatively agreed [3.5] dB MPR is sufficient. 
For DFT-s-OFDM:
· the worst-case partial OBO is ~2.8dB, i.e. the tentatively agreed [3.0] partial MPR allowance is sufficient.
· the worst-case full OBO is ~1.6dB, i.e. the tentatively agreed [2.0] full MPR allowance is sufficient.
2.1 PC3 MPR proposals
In observation 1, we noted a slight OBO excess of ~0.2dB vs the agreed MPR for CP-OFDM 100MHz QPSK full allocation which may be explained by a small PA memory effect. Therefore, we are willing to accept the agreed MPR proposal of 2.0dB. However, it seems the MPR allowance for 100MHz CP-OFDM exceptions may be lowered by 0.5dB. 
Proposal 1: Lower the 1Tx PC3 MPR for CP-OFDM exception to 4.0dB as captured in Table 1.
[bookmark: _Ref142644480]Table 1 MPR for NR-U PC3 with 1Tx
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)
	Exception for 100MHz Full5 (dB)

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

	
	QPSK
	≤ 1.0
	≤ 2.0
	

	
	16 QAM
	≤ 1.5
	≤ 2.5
	

	
	64 QAM
	≤ 2.0
	≤ 3.0
	

	
	256 QAM
	≤ 4.5
	≤ 4.5
	

	CP-OFDM
	QPSK
	≤ 2.0
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 2.5
	≤ 3.5
	≤ 4.0

	
	64 QAM
	≤ 4.0
	≤ 4.5
	

	
	256 QAM
	≤ 6.5
	≤ 6.5
	

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.
NOTE 2: The MPR for Full RB allocation applies to all RB’s in all transmitted 20 MHz or larger channels that are fully allocated or all RB’s in all transmitted sub-bands for wideband operation that are fully allocated excluding the wideband configurations of Table 6.2F.2-2.
NOTE 3: The MPR for Partial RB allocation applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10] or transmitted sub-bands for wideband operation are transmitted according to the wideband configurations of 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 the wideband configurations of Table 6.2F.2-2.


Proposal 2: PC3 MPR with dual Tx, remove the brackets in Table 6.2F.2-4 as captured in 
Table 1 Dual Tx PC3 MPR for NR-U
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)
	Exception for 100MHz Full5 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 2.0
	≤ 3.0
	

	
	QPSK
	≤ 2.0
	≤ 3.0
	

	
	16 QAM
	≤ 2.5
	≤ 3.0
	

	
	64 QAM
	≤ 2.5
	≤ 3.5
	

	
	256 QAM
	≤ 4.5
	≤ 4.5
	

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0
	≤ 5.0

	
	16 QAM
	≤ 3.5
	≤ 4.0
	≤ 5.0

	
	64 QAM
	≤ 4.5
	≤ 4.5
	

	
	256 QAM
	≤ 6.5
	≤ 6.5
	

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel. 
NOTE 2: The MPR for Full RB allocation applies to all RB’s in all transmitted 20 MHz or larger channels that are fully allocated or all RB’s in all transmitted sub-bands for wideband operation that are fully allocated excluding the wideband configurations of Table 6.2F.2-2.
NOTE 3: The MPR for Partial RB allocation applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 10] or transmitted sub-bands for wideband operation are transmitted according to the wideband configurations of 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 the wideband configurations of Table 6.2F.2-2.



3. Conclusion
In this contribution, we present some measurement data for 1Tx PC3 and 2Tx PC5. Based on observations 1 and2 we make the following proposals.
Observation 1: 
For CP-OFDM:
· For WB configurations eligible to CP-OFDM exception MPR, the worst OBO is ~ 3.5dB. This 1dB lower than the tentatively agreed MPR in [1]
· Fully allocated QPSK OBO is equally gated by ACLR and SEM at OBO ~2.2dB. This is 0.2dB higher than the maximum MPR allowance [1] and may be explained by a small memory effect at 100MHz CBW.
· Due to the difference in PA calibration point, the 1Tx PC3 OBO is lower than the counterpart 1Tx PC5 OBO for UL configurations where ACLR is the gating factor.
For DFT-s-OFDM:
· the worst-case partial OBO is ~1.7dB, i.e. the agreed partial MPR allowance is sufficient.
· the worst-case full OBO is ~0.8dB, i.e. the agreed full MPR allowance is sufficient.

Observation 2: 
For CP-OFDM:
· Measurements confirm the need to allow a 5dB MPR allowance for 100MHz exception WB configurations. These waveforms are challenging due to overlap of the image of the configured UL resource block (RB) and the ACLR IMD products. 
· The worst-case OBO for fully allocated configurations is ~ 3.4dB, i.e. the tentatively agreed [3.5] dB MPR is sufficient. 
For DFT-s-OFDM:
· the worst-case partial OBO is ~2.8dB, i.e. the tentatively agreed [3.0] partial MPR allowance is sufficient.
· the worst-case full OBO is ~1.6dB, i.e. the tentatively agreed [2.0] full MPR allowance is sufficient.
Proposal 1: Lower the 1Tx PC3 MPR for CP-OFDM exception to 4.0dB as captured in Table 1.
Table 1 MPR for NR-U PC3 with 1Tx
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)
	Exception for 100MHz Full5 (dB)

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

	
	QPSK
	≤ 1.0
	≤ 2.0
	

	
	16 QAM
	≤ 1.5
	≤ 2.5
	

	
	64 QAM
	≤ 2.0
	≤ 3.0
	

	
	256 QAM
	≤ 4.5
	≤ 4.5
	

	CP-OFDM
	QPSK
	≤ 2.0
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 2.5
	≤ 3.5
	≤ 4.0

	
	64 QAM
	≤ 4.0
	≤ 4.5
	

	
	256 QAM
	≤ 6.5
	≤ 6.5
	

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.
NOTE 2: The MPR for Full RB allocation applies to all RB’s in all transmitted 20 MHz or larger channels that are fully allocated or all RB’s in all transmitted sub-bands for wideband operation that are fully allocated excluding the wideband configurations of Table 6.2F.2-2.
NOTE 3: The MPR for Partial RB allocation applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10] or transmitted sub-bands for wideband operation are transmitted according to the wideband configurations of 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 the wideband configurations of Table 6.2F.2-2.


Proposal 2: PC3 MPR with dual Tx, remove the brackets in Table 6.2F.2-4 as captured in 
Table 1 Dual Tx PC3 MPR for NR-U
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)
	Exception for 100MHz Full5 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 2.0
	≤ 3.0
	

	
	QPSK
	≤ 2.0
	≤ 3.0
	

	
	16 QAM
	≤ 2.5
	≤ 3.0
	

	
	64 QAM
	≤ 2.5
	≤ 3.5
	

	
	256 QAM
	≤ 4.5
	≤ 4.5
	

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0
	≤ 5.0

	
	16 QAM
	≤ 3.5
	≤ 4.0
	≤ 5.0

	
	64 QAM
	≤ 4.5
	≤ 4.5
	

	
	256 QAM
	≤ 6.5
	≤ 6.5
	

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel. 
NOTE 2: The MPR for Full RB allocation applies to all RB’s in all transmitted 20 MHz or larger channels that are fully allocated or all RB’s in all transmitted sub-bands for wideband operation that are fully allocated excluding the wideband configurations of Table 6.2F.2-2.
NOTE 3: The MPR for Partial RB allocation applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 10] or transmitted sub-bands for wideband operation are transmitted according to the wideband configurations of 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 the wideband configurations of Table 6.2F.2-2.
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