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Introduction
This contribution describes a method to enable using a PA designed against WiFi specifications to be used in setting NR-U PC5 requirements.  The challenge is that only a single PA sample is available, but specifications must be defined considering worst case behavior across process and temperature.  Therefore, a calibration offset is used based on the relative performance of this PA against a worst case specification for which it was designed.  An example is provided of the calibration for a PA model which will be used in subsequent NR-U studies.
Discussion
PA calibration approach
In order to generate meaningful results from simulations or measurements of PA’s, it is first necessary to calibrate the PA.  The reason for calibrating the PA is that only a single or a small number of PA’s can be simulated or measured.  Yet, the requirements to be derived are applicable to all devices across process tolerance and temperature variation.  Therefore, it is necessary to be able to estimate the performance of a worst case PA by observing only a typical PA.  A diagram below is provided to illustrate the concept where X denotes the worst case performance that the PA is designed for and Y represents the measured or simulated performance of this typical PA.  The calibration can be thought of as |Y-X|.

In [1] a procedure to calibrate the PA for use in simulation was described using a reference waveform with a known linearity limiting requirement and a corresponding specified output power, for example 22 dBm antenna referred output power while meeting 30 dB ACLR for the reference waveform.  The particular PA under simulation is driven to this linearity limit and its output power measured.  The difference between the measured output power and specified output power represents the amount of additional power delivered by this PA compared to the worst case PA that just meets linearity and output power requirements.  This power difference is then used to calibrate this PA to emulate a worst case PA.  The reference point defines the worst case performance (i.e., 30 dB ACLR at 22 dBm antenna referred output power) and a measurement relative to this reference point then illustrates how this PA performs relative to the worst case PA.  Inherent in this approach is an assumption that the PA is designed to just meet this reference point in the worst case across process and temperature.  It is not expected that the PA is designed to exceed this requirement unless there is another limiting requirement (in which case, this would not be the linearity limiting requirement) since maximizing PA power efficiency is always an additional constraint.
The procedure in [1] suggests using a reference waveform according to WiFi specifications since the PA’s under evaluation are ones that have been designed against these WiFi requirements.  The applicable WiFi requirements are described below.
Alternatively, a reference waveform based on LTE could be used assuming PC5 output power level and assumed front-end loss.  However, the flaw with this approach is that the PA was not designed for LTE (or NR) linearity and output power requirements.  This approach indicates the margin that this typical WiFi PA has to LTE/NR linearity, but does not reflect its worst case behavior.  If the LTE/NR requirement is projected onto this PA as if it does represent the worst case reference point for the PA, unless the linearity requirement of LTE/NR happens to be identical to that of WiFi at the given output power, the calibration offset will not be correctly determined for this PA.  Therefore, specifications derived will also be in error.  The LTE/NR linearity is shown as point Z on the diagram and does not provide information about |Y-X|.
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If a suitable reference waveform and requirement are not found; i.e., point X can not be identified, then an alternative is to use an offset or margin when evaluating the requirement to account for the worst case variation.  For example, if the specified ACLR requirement is 30 dB, then for the purpose of determine output power the requirement can be offset to 30+X dB.  This offset is difficult to quantify since it is a function of the design, the production tolerance, etc, and may be regarded as vendor proprietary.  Therefore, only the final result is expected to be presented.
Example calibration
Given that using a WiFi reference waveform and corresponding linearity and power requirement is more accurate than using a LTE/NR reference waveform and it more transparent than applying a vendor margin or offset, it is proposed to continue with this approach.  Since 802.11 specifications for WiFi are less precise than those developed by 3GPP for output power and linearity, requirements must be found elsewhere.  The following is one example for a WiFi front-end module design.    
	Standard
	Baseband waveform
	Channel bandwidth, transmission layers
	Worst case mask margin
	Typical EVM
	Output power (at the output of the FEM)

	802.11a
	OFDM 6 Mbps
	20 MHz, single stream
	0 dB to 802.11a mask
	-20 dB
	22 dBm

	802.11n
	MCS0 (BPSK)
	20 MHz, single stream
	0 dB to 802.11n mask
	-26 dB
	21 dBm

	802.11n
	MCS7 (64QAM)
	20 MHz, single stream
	
	-34 dB
	19 dBm

	802.11ax
	MCS11 (1024QAM)
	[MU]VHT80
	
	-47 dB
	14.5 dBm


The output power of the PA should be measured for each of the linearity conditions being met.  The excess power is the output power of the measured typical PA above the specified output power.  Across all waveforms and linearity criteria, the smallest excess power is then taken as the calibration factor for this PA.  This calibration factor is then applied as a constant offset to output power when an NR-U waveform is applied to the PA.
Other aspects of baseband waveform generation such as CFR, spectral shaping, DPD are implementation-specific.  If these techniques are required for proper operation of the PA either for performance of efficiency, then they should be included in the simulations.  However, additional consideration may be needed for some of these techniques in case they are not expected to be used for NR-U.  For example, spectral shaping may be used to improve output power in WiFi by providing attenuation at channel edges to meet emission masks, but the same approach may not be useful for NR-U especially when narrowband transmissions at the channel edge are used.  In this example, the spectral shaping technique should not be included in the simulation, or the gain that it provides should be removed from the calibration factor since its use would imply a larger PA than is actually available for NR-U.  
A single PA was simulated.  Since the only worst case requirement available is the 802.11 mask, this was the criterion used to assess worst case performance.  An MCS0 waveform was applied to the PA and adjusted until the 802.11n mask was just barely met.  The results are as follows
	FEM Pout
	22.92

	EVM
	-17.37

	ACLR margin
	-4.37

	ACLR
	25.63

	SEM margin
	2.44

	Spur margin
	9.39

	IEEE margin
	-0.2

	ETSI EN 301893 margin
	0.368



Since the required output power with zero mask margin is 21 dBm, but this PA simulated 22.92 dBm, the calibration required to be used for this PA model is 2 dB to emulate a worst case PA.  
Conclusion
A method to calibrate a PA designed against WiFi specifications is described in this contribution.  The calibration is necessary since only a single PA is available and it is unknown whether this PA is worst case, best case, typical or where along the probability density function is lies.  On the other hand, requirements for 3GPP are to be met for all PA’s so it is necessary to emulate the performance of a worst case PA that barely meets requirements by measuring this one PA.  The PA modeled in this contribution and used for subsequent NR-U simulation studies shows that it requires 2 dB calibration to reflect worst case for 3GPP requirements.
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