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1
Introduction 
mmW UE power class has been extensively discussed in the past few RAN4 meetings [1-11], where the following general consensus on how to define mmW UE power class have been captured in a way forward in last RAN4 NR ad hoc meeting [11].          

· UE power class is based on EIRP.

· The distribution of EIRP values in all applicable beam steering directions applicable to the UE type distributed on the sphere is collected into a CDF.

· Define an EIRP mask corresponding to a number of percentile points on the CDF.
To facilitate the progress in defining mmW UE power class based on EIRP CDF, in this contribution, we study a few fundamental factors which may have substantial influence on the shape of EIRP CDF curve.     

2
Discussion
Our study was based on simulations where the following design and test factors have been considered for their effect on the shape of EIRP CDF curve.

· Antenna type

· Test point spherical mapping coordinate
· Number of antenna

· Number of beams (beam direction granularity)

2.1 Antenna type (patch versus dipole)

Figure 2.1-1 shows the top and side views of the patch and dipole antenna arrays from a handset-like device used in the simulations where the test conditions are summarized in Table 2.1-1. Figure 2.1-2 plots the simulated CDF curves for both antenna types overlaid on top of each other. It is seen that the patch antenna array has higher peak EIRP and better coverage above 50% CDF while dipole antenna array has more uniform beamforming gain in all angles and better coverage below 50% CDF.

	Mapping Coordinate
	UV [12]

	Number of Test Points
	7492 


Table 2.1-1 CDF test conditions
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Figure 2.1-1 Patch antenna array (a) and dipole antenna array (b) used in EIRP CDF simulations 
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Figure 2.1-2 EIRP CDF for a 2x2 patch antenna array and a 4x1 dipole antenna array
 
Observation 1: The EIRP CDF characteristics are substantially different between patch antenna array and dipole antenna array.       

Based on the above observation, it may suggest that by defining more than 2 mask points in EIRP CDF curve, a certain antenna type would be implied which could limit the flexibility in UE antenna design.       

2.2 Test point spherical mapping coordinate  

The impact of test point spherical mapping coordinate on CDF curve had been comprehensively analysed in [12], where the UV projection method was realized to provide rather uniform test point distribution on a sphere as compared to (- coordinate. In Figure 2.2-1, the simulated CDF curves using UV coordinate and (- coordinate based on the aforementioned 2x2 patch antenna array are superimposed to exhibit the difference which is seen quite substantial. Notice that for both coordinates more than 7000 test points were taken in the simulations.         
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Figure 2.2-1 EIRP CDF under UV and (- coordinates for a 2x2 patch antenna array
Observation 2: The EIRP CDF characteristics are substantially different between UV and (- mapping coordinates.   

Based on this observation, it is deemed necessary to clearly specify the test point spherical mapping coordinate when characterizing EIRP CDF.

2.3 Number of antenna  

The EIRP CDF for a 4x2 patch antenna array as shown in Figure 2.3-1 has been evaluated versus the aforementioned 2x2 patch antenna array to observe the effect from different number of antenna element. The result is displayed in Figure 2.3-2 where it is seen the CDF characteristic of the 4x2 patch antenna array after gain normalization (by subtracting a constant gain for all measured points) does not look much different from its 2x2 counterpart.      
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Figure 2.3-1 4x2 patch antenna array versus 2x2 patch antenna array used in EIRP CDF simulations 
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Figure 2.3-2 EIRP CDF comparison between a 2x2 antenna array and a 4x2 antenna array
Observation 3: For the same antenna type, changing the number of antenna element does not alter the EIRP CDF characteristic substantially after gain normalization. 
2.4 Number of beams (beam direction granularity) 

Having infinite number of beams to cover all the spatial angles is an idea situation which may not be practical nor justifiable when considering the beam searching time. On the other hand, if the number of applicable beams is limited, it may have impact in coverage efficiency. In this study, we have looked at 3 beamforming settings with 5, 9 and infinite beams on a 2x2 patch antenna array for spatial coverage where their beam patterns are shown in Figure 2.4-1 (a), (b), and (c) respectively.
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Figure 2.4-1 Three beam settings for CDF simulations (a) 5 beams; (b) 9 beams; (c) infinite beams
Figure 2.4-2 plots the CDF curves for all three beam settings. It is as expected that the infinite beams would have the best spatial coverage. On the other hand, considerable degradation in spatial coverage can be seen with 5 beams only setting.

Observation 4: The trade-off between spatial coverage efficiency and beam searching time shall be considered when determining the beam number setting.         
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Figure 2.4-2 EIRP CDF for three different beam number settings

3
Conclusion
In this contribution, we study a few design and test factors which may have influence on the EIRP CDF characteristic. Our findings are summarized in the following observations.

Observation 1: The EIRP CDF characteristics are substantially different between patch antenna array and dipole antenna array.

Observation 2: The EIRP CDF characteristics are substantially different between UV and (- mapping coordinates.

Observation 3: For the same antenna type, changing the number of antenna element does not alter the EIRP CDF characteristic substantially after gain normalization.    
Observation 4: The trade-off between spatial coverage efficiency and beam searching time shall be considered when determining the beam number setting.
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