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Introduction
In RAN4#94-e meeting, some agreements were achieved for power class 5 UE in [3]. In this contribution, we make formal proposals for PC5 and an optional PC3 definition with reference waveform and associated requirements.
Discussion
Reference Waveform and Criteria for Power Class Definition
In the last RAN4 meeting, it was agreed in [3] the following aspects which are relevant for power class:
· PC5 power class is defined with 20 dBm maximum output power and max power tolerance of +2/-3 dB
· ACLR = [27] dB for PC5
· UL MIMO is allowed for Band n46
· Transparent Tx diversity is not precluded
· Requirements for PC3 can continue to be discussed in Rel-16 work item

Furthermore the NRU mask for single carrier and wideband operation have been agreed and since it is in dBr it can apply “as is” to both PC5 and PC3. In addition, since the mask is specific to operation in unlicensed bands with LBT, it is more appropriate than the current NR SEM as a general requirement for NR-U. To further clarify all the applicable requirements, we make the following proposals which are also based on our measured results from [1].

Proposal 1 on applicable requirements:
· PC5 is 20dBm maximum output power with a +2/-3dB tolerance
· PC5 ACLR is 27dB
· For Both PC3 and PC5:
· NR SEM does not apply and NR-U mask is used as general requirement instead.
· NR EVM apply (Applicability of PI/2 BPSK to NRU is TBC)
· eLAA IBE is adapted to the different NR SCS values and NR impairments requirement apply except IQ image being 34dB for 256QAM and carrier leakage position being shifted by more than 7.5kHz for some wideband operation cases.
Proposed PC5 Reference
Once the set of requirements are agreed upon, the main aspect pertaining to the power class definition is to establish the waveform that is used as a reference to the others for MPR. Based on our UE Wi-Fi PA measurements in [1] and further accounting for 4dB post PA losses and accounting for negative part only (positive part can be compensated by lower drive level) of the Process, Temperature and Voltage variations partly in post PA losses and the power class tolerance, Table 1 reproduces the results for fully allocated DFT-s-OFDM QPSK waveform. It should be noted that these results are met with 8% EVM for the PA, the 12% budget being needed for CP-OFDM as proposed in [4].
Table 1: Measured Wi-Fi PA power capability referred at antenna output for DFT-s-OFDM fully allocated waveform
	Waveform
	DFT-s-OFDM

	
	full allocation at lower edge of channel

	BW [MHz]
	20
	40
	80
	100

	SCS [kHz]
	15
	15
	30
	30

	-30 dB ACLR [dBm]
	19.3
	 
	 
	 

	-27 dB ACLR [dBm]
	20.2
	19.72
	19.607
	19.59

	NR-U SEM [dBm]
	19.99
	19.56
	24.45
	19.96



Taking into account some results presented by other companies, although 20dBm can be reached with RB0 position we propose a slight relaxation by using a more centered waveform in RB3 position.

Proposal 2 on PC5 reference waveform: 20MHz 100RB3 fully allocated DFT-s-OFDM QPSK at 0dB MPR (20dBm +2/-3dB)
Proposed Optional support for PC3
Since it is already agreed that 2x2 UL MIMO is supported for NR-U and transparent TX diversity is not precluded, it is possible to implement a power class 3 (23 dBm) UE using two PC5 transmit chains. The requirements applying to the sum of the two signals, the general requirements from proposal 1 apply with the only open points being ACLR, Power class tolerance and reference waveform.

As already discussed in [1] it seems natural to adopt the same 30 dB ACLR than for eLAA PC3 since NR-U should coexist with eLAA at least in band n46. From Table 1 it can be seen that 30 dB ACLR can be met by a PC5 PA at 1dB further back-off versus 27 dB ACLR. With all these elements, we can propose the following.
Proposal 3 on power class definition for PC3 UE:
· Power class and tolerance: 23 dBm, +2/-3dB
· ACLR [30] dB
· Supported optionally when 2x2 UL MIMO capability is declared or transparent TX diversity is implemented (signaling TBD) and the requirements applies to the sum of the antennas signals.
· Reference waveform: 20MHz 100RB3 fully allocated DFT-s-OFDM QPSK at 1dB MPR (23dBm +2/-3dB)
Conclusions
In this contribution, we present the requirements, reference waveforms and implementation option for NR-U UE power class. Based on our measurements we make the following proposals.

Proposal 1 on applicable requirements:
· PC5 is 20dBm maximum output power with a +2/-3dB tolerance
· PC5 ACLR is 27dB
· For Both PC3 and PC5:
· NR SEM does not apply and NR-U mask is used as general requirement instead.
· NR EVM apply (Applicability of PI/2 BPSK to NRU is TBC)
· eLAA IBE is adapted to the different NR SCS values and NR impairments requirement apply except IQ image being 34dB for 256QAM and carrier leakage position being shifted by more than 7.5kHz for some wideband operation cases.

Proposal 2 on PC5 reference waveform: 20MHz 100RB3 fully allocated DFT-s-OFDM QPSK at 0dB MPR (20dBm +2/-3dB)

Proposal 3 on power class definition for PC3 UE:
· Power class and tolerance: 23 dBm, +2/-3dB
· Supported optionally when 2x2 UL MIMO capability is declared or transparent TX diversity is implemented (signaling TBD) and the requirements applies to the sum of the antennas signals.
· 1dB MPR waveform: 20MHz 100RB3 fully allocated DFT-s-OFDM QPSK for [30 dB] ACLR and NRU SEM passed
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