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1. Introduction
In the previous meeting (RAN4 #85), a wide range of estimates were proposed for expected UE packaging loss experienced by radiated signals. In that meeting a WF [1] established a ‘standard geometry’ for EIRP CDF Simulations. In this submission, we present results that fit into that framework. These results will serve as baseline for our future work.     
2. Discussion

The ‘standard geometry’ of [1] is reproduced in Figure 2.0 for reference.
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Figure 2.0: Parameter Definitions in WF on Simulation.

In figure 2.1, we show how this geometry is mapped to our simulation space. 
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Figure 2.1: Parameter Definitions Used in our Simulation Effort.

Our simulations, which are intended to be a baseline for our continuing work, use the following choices for the parameters defined in the WF.

	Layer Properties

	Name
	Material
	Thickness
	Ɛr
	tan δ

	Antenna substrate Dielectrics
	TBD
	(not relevant)
	
	

	Antenna Substrate Metals
	copper
	-
	conductivity

	Gap 1
	Air
	 infinite
	
	

	Gap 2
	Air
	infinite
	
	

	Gap 3
	Air
	 infinite
	
	

	Gap 4
	Air
	‘gap’=0.3, 0.5, 0.7mm
	
	

	Edge material 1
	(not present)
	
	
	

	Edge material 2
	(not present)
	
	
	

	Edge material 3
	(not present)
	
	
	

	Edge material 4
	Glass/Plastic
	‘thickness’= 0.7, 1.0, 1.3mm
	3,5,7
	0.004, 0.008, 0.012


Figure 2.1: Parameter Definitions Used in our Simulation Effort.

In the subsections below, simulated radiation patterns are presented as V-pol (left) and H-pol (right) pair. In some cases there is significant difference in V-pol and H-pol performance, we think this might be due to window size and finite ground plane effect.

2.1. Plastic Cover of Varying Thickness

Fixed gap=0.3mm, εr=3, tanδ=0.005, thickness = 0.7, 1.0, 1.3mm
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 SHAPE  \* MERGEFORMAT 
[image: image4]
Boresight gain reduces by about 1dB for 1.3mm low Er cover (‘Plastic’). Off Boresight beams degrade about 1.5dB

2.2. Fixed Plastic Cover with Varying Gap

Fixed thickness=0.7mm, εr=3, tanδ=0.005, gap = 0.3, 0.5, 0.7 mm

[image: image5]

 SHAPE  \* MERGEFORMAT 
[image: image6]
Boresight Gain reduces as cover is brought closer to antenna module. It decreases by about 1dB if cover is brought to within 0.3mm of module. Off Boresight beams degrade about 1.5dB

2.3. Fixed Plastic Cover (thickness, gap) and Varying Loss Factor

Fixed thickness=0.7mm, Fixed gap = 0.3mm, εr=3, tanδ=0.004,0.008 and 0.012
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Boresight Gain reduction is not a strong function of dielectric loss factor over range considered.

2.4. Fixed Cover (thickness and gap) of Varying Material

Fixed thickness=0.7mm, Fixed gap = 0.3mm, εr=3,5,7, tanδ=0.005
 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 



Boresight Gain reduces significantly as material Er is increases. It decreases by about 3.5dB for high Er glass. Off Boresight beams degrade about 1.5dB. Off-boresight beams are impacted further.
3. Conclusion
Among parameters considered, cover material and thickness have the most significant effect on radiated performance. Radiative losses cannot be overcome simply by increasing PA power capability, because drop in net PA efficiency will start to make handheld UEs impractical. Moreover, receive sensitivity remains equally affected by radiative losses.
These results point to the need for UE packaging innovation to minimize packaging loss. 
Reference
[1] R4-1714455,” WF on Spherical Coverage in FR2”, Samsung et al., RAN4#85, Reno, US, Nov-Dec 2017
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