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Introduction
In the RAN4#94 meeting, measurement and simulation for NR-U PC5 MPR were presented in contributions from two companies [1, 2, 3] and further agreements on PC5 definition were captured in [5]. Another way forward tried to address further details of the MPR evaluation assumptions but could not be agreed. Thus, the MPR results may still differ between companies when relating to EVM budget, impairments versus modulation order and on how NR-U masks (single carrier and wideband operation as discussed in [4]) should be applied with regards to measurement bandwidth. This contribution provides proposals to these aspects.
Discussion
Agreed Assumptions and Requirements for NRU PC5 MPR
In [5], a number of assumptions were agreed upon for PC5 MPR evaluation:
· PC5 power class is defined with 20 dBm maximum output power and max power tolerance of +2/-3 dB
· ACLR = [27] dB for PC5
· The LO leakage and IQ image for NR is -28 dBc
· Modulation should include 256QAM.  Assumed parameters for 256QAM such as LO and IQ image are to be investigated.
On top of this, the NR-U mask is an agreed requirement but how to apply it may differ between companies. Similarly the EVM budget for the different modulation order and associated impairments are not fully aligned. In the following chapters we are making proposals for these.
Mask Measurement Procedure
NR-U spectrum masks as described in [5] have measurement bandwidths of 1MHz everywhere except for the first MHz outside the channel bandwidth. However, it is not clear how this is applied. Compared to NR mask, this NR-U mask is different in that it is in dBr, so relative to the in-band power but in addition, the different mask sections have some slope. This is similar to how the Wi-Fi 802.11ac and 802.11ax masks works. In our measurements, we reused the recommended Wi-Fi 802.11ax spectral mask setup, that is, the mask (in dBr) is used as defined in [5] with the following procedure:
· 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
· Sweep average is used.

Figure 1 below shows a measurement example performed on a spectrum analyzer using 802.11ax test procedure for the case of an 80MHz NR-U single carrier mask where the in-band bandwidth is adapted to Total Channel Power Measurement Bandwidth (MBW) = total Channel Bandwidth, example below = 80MHz. 0dBR Peak Reference level: Peak power integrated in 1MHz MBW, Carrier Leakage excluded, Averaging: x20 sweeps, RBW=100kHz, VBW=7.5kHz. The same procedure was applied for both the single carrier and the wideband operation masks.
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The mask being applied as-is and relative to the in-band peak in 1MHz bandwidth, there is no offset manipulation needed for the different sections of the mask nor measurement bandwidth change needed for some of the mask sections. Using this definition, it is also easier to pick the carrier leakage exceptions as they are limited to a 200 kHz bandwidth (especially for the wideband operation where the carrier may not fall in-band).

Proposal 1: NRU Mask Measurement / Simulation procedure applicable to both Single Carrier and Wideband Operation:
· Resolution Bandwidth: 100kHz and Video Bandwidth 7.5kHz
· In-band total power measurement BW equal to the channel bandwidth for single carrier and equal to the allocated sub-bands for wideband operation as agreed
· 0dBR peak Reference level: in band-peak integrated in 1MHz BW, Carrier Leakage excluded
· NRU Mask limits: Applied as agreed from the 0dBR peak Reference Level (see figures in [5])
· Averaging: Recommended x10 sweep trace averaging, other values not precluded
PA EVM budget and Transceiver Impairments
One of the critical differences between the two company’s results in [1, 2, 3] is related to whether EVM or ACLR/Mask is the limiting requirement in terms of power capability, this depends on the EVM budget associated with the PA and the related impairments versus modulation order. Figure 2 from [1] provides the ACLR and EVM profiles for CP-OFDM and DFT-s-OFDM measured on a UE Wi-Fi PA with fully allocated QPSK waveforms, it can be observed that at 27 dBc ACLR:
· QPSK CP-OFDM EVM is 12% at 17.5dBm
· QPSK DFT-s-OFDM EVM is 8% at 20dBm
· Note that overall system QPSK EVM requirement is 17.5%
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Figure 2: Measured ACLR and EVM for CP-OFDM and DFT-s-OFDM of a Wi-Fi PA (referred at antenna)
As such, the PA EVM performance is good since the output being at the ACLR limit it has not reached the EVM limit. Especially typical designs have good margin to ACLR, this linearity margin is taken into account when we consider the PA capability together with the post-PA losses. Since the power class is usually associated with the power capability with QPSK modulation it is sensible to set the PA EVM and ACLR budgets such that they have similar limitations assuming there is enough budget left to the other contributors which also includes the transceiver carrier and LO impairments.
In Table 1, we propose such a budget for the different modulation order that starts from the overall EVM requirement, the proposed PA EVM part, what is then left for the rest and then the PA output level corresponding to the PA with the input signal already including the image leakage. For all modulations except 256QAM we have used the agreed 28 dBc level and, for 256QAM we reused the values used for the introduction of UL 256QAM in LTE of 34 dBc, at this time also the agreed PA budget was 1.8%.
Table 1: EVM budgets for PA, rest of the system, Image and PA+ image
	Modulation
	specification
[% rms EVM]
	PA
[%]
	Rest
[%]
	Image
[dB]
	Image
[%]
	Rest – image
[%]
	PA + image
[%]

	
	
	
	
	
	
	
	

	QPSK
	17.5
	12.0
	12.7
	28
	4.0
	12.1
	12.6

	16QAM
	12.5
	8.0
	9.6
	28
	4.0
	8.7
	8.9

	64QAM
	8
	4.0
	6.9
	28
	4.0
	5.7
	5.6

	256QAM
	3.5
	1.8
	3.0
	34
	2.0
	2.2
	2.7



Observation on EVM: 
· With the proposed PA EVM, the PA always has the tightest budget thus implying more output power limitation since the PA non-linearity can only contribute a lower part
· If the PA is fed with a signal that contains the image signal, its contribution should be considered in the result especially for 256QAM where the image budget is higher than the PA one. This is at least needed for the fully allocated waveforms since for interlaces, a specific offset can be chosen such that the image does not fold back onto the allocated RBs
· Note that this budget is valid for both PC3 and PC5

Proposal 2: PA EVM and image impairments for PC5 and PC3 MPR evaluations:
· For QPSK: PA EVM budget alone is 12%, image impairment is 28 dBc
· For 16QAM: PA EVM budget alone is 8%, image impairment is 28 dBc
· For QPSK: PA EVM budget alone is 4%, image impairment is 28 dBc
· For QPSK: PA EVM budget alone is 1.8%, image impairment is 34 dBc
· When the input signal includes the image impairment additional EVM should be accounted for at the PA output as in Table 1 above
Conclusions
In this contribution, we make several proposals to further align assumption and measurements for MPR evaluation for NR-U UEs. These proposals cover a method on how to apply the NR-U mask, PA EVM and image impairment budget.

Proposal 1: NRU Mask Measurement / Simulation procedure applicable to both Single Carrier and Wideband Operation:
· Resolution Bandwidth: 100kHz and Video Bandwidth 7.5kHz
· In-band total power measurement BW equal to the channel bandwidth for single carrier and equal to the allocated sub-bands for wideband operation as agreed
· 0dBR peak Reference level: in band-peak integrated in 1MHz BW, Carrier Leakage excluded
· NRU Mask limits: Applied as agreed from the 0dBR peak Reference Level (as figures in [5])
· Averaging: Recommended x10 sweep trace averaging, other values not precluded

Proposal 2: PA EVM and image impairments for PC5 and PC3 MPR evaluations:
· For QPSK: PA EVM budget alone is 12%, image impairment is 28 dBc
· For 16QAM: PA EVM budget alone is 8%, image impairment is 28 dBc
· For QPSK: PA EVM budget alone is 4%, image impairment is 28 dBc
· For QPSK: PA EVM budget alone is 1.8%, image impairment is 34 dBc
· When the input signal includes the image impairment additional EVM should be accounted for at the PA output as in Table 1 above
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