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Introduction
In RAN4#92b meeting, we made a first proposal on power class definition [1] based on further elaborating from measurements in [2]. Many other contributions [3, 4, 5, 6] in RAN4#92b have discussed the same subject, but no agreement could be found due to lack of time and a common view on emission requirements. In this contribution, we made further measurements for PC5 and PC3 and refine our proposal for the power class definition.
Discussion
In general, there is a good consensus amongst UE supplier companies that PC5 is a good approach for NR-U UL and avoid issues that faced eLAA. Still, some companies also want to see PC3 being supported. This is supported by all the references at the end of this document. So far, the main obstacle to an agreement for PC5 has been the lack of an agreed emission requirement to define the power class.
PC3 and PC5 Measurements
Since the key is on deciding which requirement should be used to define a known MPR calibration point to define the power class we have conducted measurements using the different requirements that have been discussed:
· NR SEM
· NR ACLR of 27 dBc
· NR ACLR of 30 dBc
· Modified 802.11ax mask with 0 dBr for the whole channel bandwidth and -20dBr at 1MHz offset, called here “ETSI SEM”.

Since the purpose is mainly to look at power capability, we only used DFT-s-OFDM and CP-OFDM fully allocated 20 MHz channel bandwidth with 15 kHz SCS QPSK waveforms.

For the PC5 case (20 dBm), we used a Station (UE) WiFi PA which can thus be easily be reused for NR-U. For the PC3 case (23 dBm), we used an access point (AP) PA that can deliver the power but at the expense of larger size and higher supply voltage than the one usually available in UEs (it would require a boost DC-DC converter). These measurements are presented in Table 1. 
Table 1: PC3 and PC5 full allocation 20 MHz measurements
	Power class
	PC5 (UE PA)
	PC3 (AP PA)

	 Waveform
Criteria
	DFT-s-OFDM 100RB0
	CP-OFDM 106RB0
	DFT-s-OFDM 100RB0
	CP-OFDM 106RB0

	-30 dB ACLR
	24.7
	22.5
	28.6
	26.4

	-27 dB ACLR
	25.6
	23.5
	29.3
	27.2

	NR SEM
	25.9
	24.2
	29.2
	27.2

	ETSI SEM
	25.5
	24.0
	28.8
	27.5



In Figure 1, the ETSI SEM measurements are provided for DFT-s-OFDM (top) and CP-OFDM (bottom). Similarly in Figure 2, the NR ACLR measurements are provided for DFT-s-OFDM (top) and CP-OFDM (bottom). In both cases the PC5 Wi-Fi UE PA is measured. Unfortunately, the plot for DFT-s-OFDM at 27 dBc limit was not captured, the case in Figure 2 is 0.4 dB lower in power.
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Figure 1: ETSI SEM measurements for DFT-s-OFDM (top) and CP-OFDM (bottom)
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Figure 2: NR ACLR measurements for DFT-s-OFDM (top) and CP-OFDM (bottom)
Observation:
· Power capability using ETSI SEM, NR SEM and 27 dBc ACLR are very similar and the differences are within the measurement accuracy/repeatability
· 30 dBc ACLR criteria reduces the power by about 1 dB
· CP-OFDM has about 1.5-2 dB lower power than DFT-s-OFDM
· AP PA provides a bit more than 3 dB higher power than the UE PA consistent with the PC3 to PC3 definition.
· Assuming 5 dB post PA losses PC5 PA delivers > 20 dBm and PC3 PA > 23 dBm in all cases
Given the above observations, there is no strong argument for one criteria or another in terms of being able to achieve the nominal PC3 and PC5 levels of 23 and 20 dBm respectively. 
In order to choose which criteria that should drive the power class definition the choice should be based on coexistence with existing technologies, but 3GPP should adopt its own definition for generic requirements:
· For fair coexistence with existing Wi-Fi technologies (11n/ac/ax) a requirement similar to ETSI SEM should be met but can be subject to A-MPR
· For fair coexistence with LAA an absolute level equivalent to 30 dBc ACLR PC3 should be met 
In any case the extra back-off for AMPR should be negligible for PC5 with 27 dBc ACLR, AMPR will probably dictated by in-band PSD regional requirements.
Proposal 1 for emission requirements:
· Generic requirements (MPR and power class) as follows:
· NR SEM should be met (no associated power reduction)
· NR ACLR of 27 dBc for PC5
· NR ACLR of 27 dBc for PC3
· ETSI and other regional requirements are under NS with A-MPR (negligible further back off is anticipated)
Further Input on MPR
Since partial allocations in NR-U use an interleaved waveform that, like for eLAA, should result in extra back-off compared with the full allocation, there is no concept of inner allocation, thus they can’t be used to define 0 dB MPR. Due to this, there is also no possibility for 0 dB MPR waveforms for CP-OFDM. For test and calibration purposes normal NR 0dB MPR waveforms can be used.
Proposal 2 for 0 dB MPR waveform:
· 20 MHz, 100RB0, 15 kHz SCS DFT-s-OFDM waveform is used for PC5 0 dB MPR of 20 dBm with a tolerance of +2/-3 dB at 27 dBc ACLR
· 20 MHz, 100RB0, 15 kHz SCS DFT-s-OFDM waveform is used for PC3 1 dB MPR of 23 dBm with a tolerance of +2/-3 dB at 30 dBc ACLR to be consistent with NR PC3
Based on our measurements, to reach 30 dBc ACLR, a PC5 PAs needs an extra dB of back-off but using the +2/-3 dB tolerance and slightly improved post-PA losses, it is possible to implement PC3 using two PC5 PAs in UL MIMO or transparent diversity mode.
Proposal 3 for PC3 implementation:
· PC3 single PA
· PC3 UL MIMO or TX diversity using two PC5 PAs is supported as an optional capability
· The 1PA/2PA capability is introduced for NR-U
A-MPR Due to In-band PSD
For eLAA A-MPR was needed in some cases due to an in band PSD requirement, this requirement was fixed because only 10 and 20 MHz. in NR-U we have larger channel bandwidth which thanks to wider PSD spread will require less back-off for both full and interleaved waveforms.
Proposal 4 on AMPR for in-band PSD: Due to larger channel bandwidth in NR-U, A-MPR must be channel bandwidth dependent.

Conclusions
In this contribution, we discuss the different criterias and reference waveforms for the NR-U power class definition (20 dBm PC5 and 23 dBm PC3). We make the following proposals.

Proposal 1 for emission requirements:
· Generic requirements (MPR and power class) as follows:
· NR SEM should be met (no associated power reduction)
· NR ACLR of 27 dBc for PC5
· NR ACLR of 27 dBc for PC3
· ETSI and other regional requirements are under NS with A-MPR (negligible further back off is anticipated)

Proposal 2 for 0 dB MPR waveform:
· 20 MHz, 100RB0, 15 kHz SCS DFT-s-OFDM waveform is used for PC5 0 dB MPR of 20 dBm with a tolerance of +2/-3 dB at 27 dBc ACLR
· 20 MHz, 100RB0, 15 kHz SCS DFT-s-OFDM waveform is used for PC3 1 dB MPR of 23 dBm with a tolerance of +2/-3 dB at 30 dBc ACLR to be consistent with NR PC3
Proposal 3 for PC3 implementation:
· PC3 single PA
· PC3 UL MIMO or TX diversity using two PC5 PAs is supported as an optional capability
· The 1PA/2PA capability is introduced for NR-U

Proposal 4 on AMPR for in-band PSD: Due to larger channel bandwidth in NR-U, A-MPR must be channel bandwidth dependent.
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