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Introduction
In RAN4#90b, UL requirements for NR-U UEs were discussed in a few contributions [1, 2] which both concluded that PC5 (20 dBm) power class could be targeted for NR-U, a further contribution was submitted for RAN4#91 but not treated. An updated version is presented here accounting for wideband operation measurements done in [3]. In this contribution, we further discuss NR-U power class definition in relation to MPR (0 dB waveform and criteria) and supported channel bandwidths.
Discussion
NR-U Power Class Definition
In RAN4#90b two companies provided the similar view [1, 2] that in order to potentially reuse PAs developed for Wi-Fi 802.11ax in either the 5 GHz or the 6 GHz bands, it is important to target power class 5 at 20 dBm for NR-U. In Table 1, we recapitulate our measurements from [1] but would like to emphasize that post PA-losses were assumed < 3 dB, which is achievable but it is more likely that worst case numbers could reach 5 dB especially at 6 GHz. It also shows that using 802.11ax SEM as criteria instead of NR 30 dBc ACLR, an extra 0.6 dB of power can be achieved.
Table 1: 5GHz WiFi PA output power capability for different waveforms and requirements
	PA maximum output power capability [dBm] / RAT / Conformance requirement

	CBW
	20MHz
	40MHz
	80MHz
	160MHz
	Conformance

	WiFi MCS2
	22.2
	22.2
	22.2
	21.4
	802.11ax SEM

	QPSK CP-OFDM
	21.2
	21.2
	21.2
	21
	802.11ax SEM

	QPSK DFT-S-OFDM
	22.6
	22.6
	22.6
	22.4
	802.11ax SEM

	QPSK CP-OFDM
	20.4
	20.4
	20.4
	20.1
	NR ACLR

	QPSK DFT-S-OFDM
	22
	22
	22
	21.6
	NR ACLR



Observation: Accounting for 5 dB post PA losses instead of < 3 dB, 20 dBm power at antenna is achievable with NR ACLR limit and 0.6 dB higher power is achieved with 802.11ax like SEM.
It is important that NR-U is not over-specified compared to 802.11ax if we want to benefit from reusing 5 GHz Wi-Fi hardware already present in most smartphones. Assuming that we use PC5, it should at least be feasible to relax UE ACLR to 27 dBc, resulting in the same absolute power interference as a 23 dBm UE with 30 dBc ACLR and closer to the linearity level dictated by 802.11ax SEM limit.
In order to confirm this approach, further measurements on a different PA were conducted to derive the ACLR level corresponding to a PA calibrated at 802.11ax SEM limit. 

The output power capability was first calibrated using 20 MHz fully allocated QPSK waveforms and -30 dBc NR ACLR:
· DFT-s-OFDM achieves up to 25.6 dBm
· CP-OFDM achieves up to 23.7 dBm
· CP to DFT extra back-off: 1.9 dB

Then, output power capability was measured using 802.11ax mask and equivalent NR ACLR measured for 20, 40, 80 and 160 MHz CP-OFDM and DFT-s-OFDM fully allocated QPSK waveforms. The results are reported in Table 2.

Table 2: NR ACLR at 802.11ax mask limit versus channel bandwidth and waveforms
	Channel
BW
[MHz]
	DFT-s-OFDM QPSK
	CP-OFDM QPSK
	CP vs DFT [dB]
back off

	
	Power
[dBm]
	ACLR_L
[dBc]
	ACLR_H
[dBc]
	ACLR
[dBc]
	Power
[dBm]
	ACLR_L
[dBc]
	ACLR_H
[dBc]
	ACLR
[dBc]
	

	20
	26.3
	-27.4
	-27.9
	-27.4
	24.2
	-27.2
	-27.1
	-27.1
	2.1

	40
	26.0
	-27.4
	-26.9
	-26.9
	24.2
	-27.6
	-27.3
	-27.3
	1.8

	80
	25.9
	-28.1
	-26.8
	-26.8
	23.9
	-28.4
	-27.2
	-27.2
	2.0

	160
	25.6
	-29.7
	-27.3
	-27.3
	23.5
	-29
	-26.8
	-26.8
	2.2



First, these measurements confirm the observations made from measurements presented in Xian meeting:
· Using 802.11ax mask about 0.6 dB higher power capability is achieved for both DFT-s-OFDM and CP-OFDM
· Power capability is almost constant versus channel bandwidth, but 160 MHz bandwidth requires extra MPR mostly due to the asymmetric ACLR behavior. This behavior starts at 80 MHz and is related to slope in the output matching circuit and higher contribution of memory effect at large channel bandwidths and operating frequencies.
· Differences in back-off for CP-OFDM versus DFT-s-OFDM is around 2 dB and is consistent with differences observed at 30 dBc ACLR level
Second, it confirms that the linearity level meeting 802.11ax mask matches with a 27 dBc NR ACLR within the measurement precision. It had been proposed in [2] to relax ACLR further based on simple integration of the 802.11ax mask but our measurements show that the spectral regrowth in the ACLR region does not have the same shape that the 802.11ax mask, thus using the integrated mask value is not appropriate.


Proposal 1:
· PC5 (20 dBm) is introduced for NR-U in both 5 GHz and 6 GHz bands
· 27 dBc ACLR (equivalent to 802.11ax SEM) is used for 0 dB MPR calibration in PC5 using 20 MHz 100RB0 QPSK DFT-s-OFDM waveform
· Transceiver impairments are kept at 28 dBc image and carrier (and may need improvement for wideband operation)
Separately in RAN4#91, a set of wideband operation contiguous and non-contiguous BWP measurements were provided in [3] based on 5 GHz Wi-Fi PA calibrated with 27dBc ACLR as proposed here. It confirmed that low back-off was obtained for contiguous BWP and that relaxed ACLR and mask requirements are key to wideband operation in UL.
Optional Support for PC3
Power class 3 (23 dBm) for NR-U in 5 GHz and 6 GHz is also achievable by deriving from PAs designed for Band n79 which can even achieve PC2 power levels. This is an option that can be pursued and studied.

Alternatively, high-end smartphones are often 2x2 DL/UL MIMO capable in 5 GHz Wi-Fi to enable use cases like screen mirroring. This means that two PAs are available and again, could be re-used to provide a PC3 2x2 coherent UL MIMO solution. Another way to re-use these two PAs would be to enable transparent Tx Diversity using Cycle Delay Diversity as it may be difficult to achieve fine control of coherent 2x2 UL MIMO in a LBT context.

In all these PC3 cases, required ACLR and/or SEM limit may still need to be relaxed and that should be part of the study, also in the case of Tx Diversity or coherent 2x2 UL MIMO an EIRP limit of 18 dBm may apply in some sub-bands and regions.

Observation: PC3 for NR-U in 5 GHz and 6 GHz bands is achievable by either a single PC3 PA or two PC5 PAs in case these are already available for Wi-Fi.
Proposal 2: Optional support for PC3 is studied using following architectures:
· 23 dBm single antenna
· 23 dBm Coherent 2x2 UL MIMO using two PC5 paths
· 23 dBm transparent Tx Diversity using two PC5 paths (for example using CDD)
· Other power classes and architectures are not precluded
· Capability signaling is FFS but can rely on the 1 PA/2 PA signaling already available
· Reuse of NR 30 dBc ACLR limit as the definition for 0 dB MPR is FSS and relaxation may be studied
MPR/A-MPR Cases
For NR-U, as discussed above, we may not only revisit OOB requirements, channel bandwidths, related SU and power classes, but we also have to account that CP-OFDM is used for interleaved waveforms which has higher PAPR. Separately, as experienced for eLAA, there are specific sub-band and regional requirements. Some of the requirements being related to PSD it is foreseen that back-off required for interleaved waveforms may depend on channel bandwidth and notions of inner/outer do not apply.

For all these reasons, it is clear that the generic NR single carrier MPR table may not be able to support NR-U. Also MPR should be defined based on the most relaxed requirements in the regulation and A-MPR used in regions where more stringent requirements must be fulfilled. Also, potential difference in regulation in 5 GHz and 6 GHz bands should be treated separately. 
[bookmark: _GoBack]
Observation: MRP/A-MPR tables should be revisited for NR-U versus eLAA and 5 versus 6 GHz and regional requirements should be addressed separately. CP-OFDM Interleaved waveforms to be evaluated should be agreed.
Conclusions
In this contribution, we discussed power amplifier capability in order to define UE power class, PA calibration point. This allowed us to provide detailed observations, including some based on available 5 GHz Wi-Fi PAs performance and formulate the following proposals.

Proposal 1:
· PC5 (20 dBm) is introduced for NR-U in both 5 GHz and 6 GHz bands
· 27 dBc ACLR (equivalent to 802.11ax SEM) is used for 0 dB MPR calibration in PC5 using 20 MHz 100RB0 QPSK DFT-s-OFDM waveform
· Transceiver impairments are kept at 28 dBc image and carrier (and may need improvement for wideband operation)
Proposal 2: Optional support for PC3 is studied using following architectures:
· 23 dBm single antenna
· 23 dBm Coherent 2x2 UL MIMO using two PC5 paths
· 23 dBm transparent Tx Diversity using two PC5 paths (for example using CDD)
· Other power classes and architectures are not precluded
· Capability signaling is FFS but can rely on the 1 PA/2 PA signaling already available
· Reuse of NR 30 dBc ACLR limit as the definition for 0 dB MPR is FSS and relaxation may be studied

Observation: MRP/A-MPR tables should be revisited versus eLAA for NR-U and 5 versus 6 GHz and regional requirements should be addressed separately. CP-OFDM Interleaved waveforms to be evaluated should be agreed.
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