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1 Introduction
mmWave UE power class definition has been repetitively discussed in past few RAN4 meetings and yet reaching a decision on what percentage point in EIRP CDF should be used for power class definition and how it is associated with Pcmax in UL power control [1]. In last RAN4 meeting, some justifications had been made to support power class definition at 50% [2] and 90% [3] of EIRP CDF, respectively. In this contribution, we provide an additional view on supporting mmWave UE power class definition at 50% of EIRP CDF based on the analysis of EIRP histogram.    
2 Discussion
mmWave UE power class has been agreed to be defined based on EIRP [4] and the CDF percentage point for this definition was down-selected to ether 50%, 90%, or 100% according the UE RF Chairman notes in NR#3 ad hoc meeting [5]. Though we have seen companies proposing either 90% or 100% of CDF for power class definition, there was not much justification on why these percentage points are chosen except in [3] where 90% was proposed simply because it can be used for regulatory requirement validation. However, it is towards our understanding that the UE power class number is expected to be associated with Pcmax in UL power control as with existing LTE devices. Therefore, minimizing the output power error in all EIRP angles from the power class number would be the key aspect to select the CDF percentage point for power class definition.

In order to realize the output power error in all EIRP angles from the power class number defined at a specific CDF percentage point, we have plotted out the EIRP histogram of a 2x2 patch antenna array as simulated in [6] to visualize the occurrence of each EIRP power range (in terms of beamforming gain), as shown in Figure 2-1, where its associated CDF is shown in Figure 2-2.           
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Figure 2-1 EIRP histogram of a 2x2 patch antenna array as simulated in [6]
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Figure 2-2 EIRP CDF of a 2x2 patch antenna array as simulated in [6]
Both EIRP peak gain error and averaged gain error are calculated against each power level in the histogram. The peak gain error is defined as the highest gain deviation from any power level to the target power level and the averaged gain error is defined as the following equation,
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 EMBED Equation.3  [image: image4.wmf]
where n = 1..10 is the index for the 10 EIRP power level bin in the histogram and the “Count” is the number of occurrence that EIRP falls into a particular power level bin.

Figure 2-3 summarizes the calculated peak and averaged gain errors against each EIRP power level in the histogram which has been mapped to the corresponding CDF percentage point.
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Figure 2-3 EIRP gain errors against CDF percentage point 
It can be seen that the lowest EIRP gain error occurs near 50% of the CDF which would be desired for power class definition when it is associated Pcmax for UL power control.

Considering what we have concluded in last RAN4 meeting based on LTE and mmWave UE EIRP CDF comparison which supports 50% EIRP CDF for power class definition [2], this contribution provides further justification to reinforce the following proposal,    
Proposal: mmWave UE power class is defined at 50% point of the EIRP CDF.
3 Conclusion
In this contribution, we provide further justification based on EIRP histogram analysis for gain errors calculation to support mmWave UE power class definition at 50% point of the EIRP CDF. 
Proposal: mmWave UE power class is defined at 50% point of the EIRP CDF.
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