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Background
The impact on spherical coverage of a realistic design has been discussed for several meetings. In RAN4-AH-1801 in San Diego detailed simulation assumptions were agreed in WF on spherical coverage [1]. This agreement was an update on a similar WF [2] from RAN4 #85 in Reno. Another WF on power class was agreed in [3] addressing the peak EIRP. 
This discussion paper is an update of [4]. In [4] the impact of glass and plastic back cover on spherical coverage was studied for dipole edge antennas and patch antennas using a simplified handheld UE layout model. In this paper the study is extended with a more complete handheld UE (smartphone) model. More cases (assumptions) are studied, however, this time only including patch antennas.
Simulation set-up
[bookmark: _GoBack]Spherical coverage is simulated for all 7 assumptions in [1]. These assumptions are copied in Table 1. In addition assumption 6* and assumption 7* including “Partial” displays are added. Partial display, in our simulation, means there is 5mm gap in top (and bottom) and thus one antenna array is placed in the front and the two others in the back compared to assumptions 6 and 7 where there are no room for antennas in the front and thus all 3 antennas are placed on the backside. This is schematically shown in Figure 1. The simulations are done for a single frequency but valid for the complete frequency band since only relative results ( EIRP @ %-tile) are discussed.

	
	
	Assumptions1
	Assumptions2
	Assumptions3
	Assumptions4
	Assumptions5
	Assumptions6
	Assumptions7
	Notes

	Frequency range
	　
	n257
	n257
	n257
	n257
	N257
	n257
	N257
	

	# of antenna in an antenna module/set
(# of patches, # of dipoles, etc.)
	　
	-
	-
	-
	-
	-
	-
	-
	Depends on the current implementation

	# of antenna module/set in total
	　
	1
	1
	2
	2
	2
	3
	3
	

	Finite UV test points
	Y/N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Finite test point shall be the baseline

	Beam phase shifter controller
	degree　
	45
	45
	45
	45
	45
	45
	45
	Finite beam shall be the baseline

	Antenna type (patch, dipole, or both)
	　
	-
	-
	-
	-
	-
	-
	-
	Depends on the current implementation

	Antenna module/set location (front, back, top-side, left-side, right-side, bottom-side)
	　
	Top / Bottom
	Top / Bottom
	Top & Bottom
	Top & Bottom
	Top & Bottom
	Left & Right & Bottom
	Left & Right & Bottom
	Combination of the lists are not precluded.

	Front cover (Plastic, Glass, Ceramic, Metal)
	　
	Glass
	Glass
	Glass
	Glass
	Glass
	Glass
	Glass
	This information is meaningful only if it’s the same with the material which covers antennas. 

	Back cover (Plastic, Glass, Ceramic, Metal)
	
	Glass
	Plastic
	Glass
	Glass
	Plastic
	Glass
	Plastic
	

	Side cover / Frame (Plastic, Glass, Ceramic, Metal)
	　
	Metal
	Plastic
	Metal
	Metal
	Plastic
	Metal
	Plastic
	

	Device size (WxHxD)
	cm3
	66.6
	66.6
	66.6
	66.6
	66.6
	66.6
	66.6
	This is for information

	Display panel – Full (Y) or Partial (N)
	Y/N
	Y
	Y
	Y
	N
	Y
	Y
	Y
	

	Bezel Margin
	mm
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	Module can’t be placed outer edge of UE to secure mechanical reliability



[bookmark: _Ref506550460]Table 1. Simulations assumption from “WF on EIRP CDF for spherical coverage” [1].
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[bookmark: _Ref506556850]Figure 1. Schematic picture of Assumption 6* (and 7*)
UE layout model
In [4] a simplified model of a handheld UE (smartphone) was used. In this simulation CAD-files of an existing smartphone have been extracted into the full wave electromagnetic simulator. The display size has been modified to accommodate the different assumptions. In all simulations the antennas are general patches on Rogers RO4003C™ laminate. A summary of the layer properties according to [1] is given in Table 2.
	Layer Properties

	Name
	Material
	Thickness
	Ɛr
	tan δ

	Antenna substrate Dielectrics
	Rogers RO4003C™
	0.3mm
	
	

	Antenna Substrate Metals
	copper
	-
	conductivity

	Gap 1
	Air/Plastic/?
	~2-3mm
	
	

	Gap 2
	Air/Plastic/?
	2.8mm
	
	

	Gap 3
	Air/Plastic/?
	G3
	
	

	Gap 4
	Air/Plastic/?
	1.5mm
	Air
	

	Edge material 1
	Glass/Plastic/Metal
	W1
	Al
	

	Edge material 2
	Glass/Plastic/Metal
	0.77mm
	6.98
	0.03

	Edge material 3
	Glass/Plastic/Metal
	W3
	Al
	

	Edge material 4
	Glass/Plastic/Metal
	0.77mm
	6.98
	0.03


[bookmark: _Ref506558179]Table 2. Summary of layer properties used in the simulations
Result
Impact of Back Cover Material – Glass vs. Plastic
Glass versus plastic back cover material is shown in Figure 2 in the 3-antenna array example (assumption 6 vs. assumption 7). Note that all 3 antennas are mounted in the back.  
It can be seen that the peak value is only affected marginally but the lower percentiles are degraded substantially by the high loss glass material compared to plastic. The same trend is seen for other number of antennas (e.g. assumption 1 vs. 2 or assumption 3 vs. 5)
Observation 1: Implementation loss due to high-loss glass is 1 – 2 dB higher compared to plastic cover material.
[image: ]
[bookmark: _Ref506560141]Figure 2. Impact of Back Cover Material.
Number of Antenna Arrays
The number of antenna arrays are studied in Figure 3 for both plastic and glass back cover. Note that all antenna arrays are in the back in this comparison. The following observations are done:
Observation 2: There is no significant difference in free space between 2 and 3 arrays when facing in the same direction. Single antenna has ~1dB worse spherical performance. 
Observation 3: The same trend is seen regardless of plastic or glass cover.
Observation 4: Hand and body blockage could possibly motivate higher number of antenna arrays.

[image: ]
[bookmark: _Ref506561971]Figure 3. Number of Antenna Arrays. a. Plastic back cover. b. Glass back cover.

Single-side Antennas Arrays vs. 2-side Arrays
Single-side antennas arrays (backside only) versus antenna arrays on both front and back is studied in Figure 4 leading to:
Observation 5: There is a significant improvement in spherical coverage with front + back antenna arrays vs. back-side arrays only.

[image: ]
[bookmark: _Ref506562631]Figure 4. Single-side antennas arrays versus 2-side arrays
Summary
All simulated assumptions are summarized in Figure 5 and Table 3. Note that  EIRP @ %-tile in Table 3 refers to the 99.9%-tile point which is dependent on assumption (~1dB difference).
[image: ]
[bookmark: _Ref506563865]Figure 5. Spherical coverage as CDF simulated on a realistic handheld UE (smartphone) layout.
	Assumption
	-
	3GPP 1
	3GPP 2
	3GPP 3
	3GPP 4
	3GPP 5
	3GPP 6
	6*
	3GPP 7
	7*

	Display
	Partial / Full
	F
	F
	F
	P
	F
	F
	P
	F
	P

	No antenna arrays
	Back side
	1
	1
	2
	1
	2
	3
	2
	3
	2

	
	Front side
	
	
	
	1
	
	
	1
	
	1

	Side cover (cover material near antennas)
	Metal / Plastic
	M
	M
	M
	M
	M
	M
	M
	M
	M

	Back cover
	Glass / Plastic
	G
	P
	G
	G
	P
	G
	G
	P
	P

	Front cover
	Glass / Plastic
	G
	G
	G
	G
	[image: ]G
	G
	G
	G
	G

	EIRP @ 100%%-tile point
	dBm
	
	
	
	
	
	
	
	
	

	 EIRP @ 50%
	dB
	13
	10
	13
	9
	10
	12
	7
	10
	7

	 EIRP @ 40%
	dB
	15
	12
	14
	10
	11
	14
	9
	11
	8

	 EIRP @ 30%
	dB
	16
	14
	16
	12
	13
	16
	10
	13
	9

	 EIRP @ 20%
	dB
	18
	17
	18
	14
	15
	17
	11
	14
	10


[bookmark: _Ref506563882]Table 3. Summary of simulated spherical coverage for a realistic handheld UE (smartphone) layout.


Conclusion
The spherical coverage of a handheld UE was simulated using CAD-files from an existing smartphone modified with patch antenna arrays for 28GHz. The following observations were made:
Observation 1: 	Implementation loss due to high-loss glass is 1 – 2 dB higher compared to plastic cover material.
Observation 2: 	There is no significant difference in free space between 2 and 3 arrays when facing in the same direction. Single antenna has ~1dB worse spherical performance. 
Observation 3: 	The same trend is seen regardless of plastic or glass cover.
Observation 4: 	Hand and body blockage could possibly motivate higher number of antenna arrays.
Observation 5: 	There is a significant improvement in spherical coverage with front + back antenna arrays vs. back-side arrays only.
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