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Background
The impact on spherical coverage of a realistic design has been discussed for several meetings. Detailed simulation assumptions were given in a WF on spherical coverage [2] and a WF on power class was agreed in [1]. 
In this discussion paper we use the assumption 3 and 4 [2]. Assumption 3 and 4 stipulates top + bottom antenna modules and full (assumption 3) versus partial full (assumption 4) display. For assumption 3 one of the antenna arrays is mounted on the edge covered by plastic (i.e. no metal frame covering the antenna).
Antenna environmental simulation
We have studied two antenna configurations: 
· Assumption 4 [2]: 4x1 linear patch arrays, bottom-back + top-front with partial full display (10mm clearance)
· Assumption 3 [2]: 4x1 linear dipole array mounted in the top-edge covered by plastic (1.5mm clearance between display and back) + 4x1 linear patch array mounted in the bottom-back. Full display on front.
Top + Bottom Patch Arrays
4x1 linear patch arrays in top-front and bottom-back was simulated with display and glass back cover and with display and plastic back cover. The display was semi full with 10 mm clearance in the top. The top-front antenna is covered by glass in both cases. As a reference a simulation without either display or back cover was also performed. 

Simplified layout and respectively total scan pattern is shown in Figure 1 and the spherical coverage as CDF curve is plotted in Figure 2. The result from this simplified implementation shows a gain difference between peak EIRP and 20%-tile of 9dB. The gain difference between peak EIRP and 50%-tile is 6dB. Note that the referred peak EIRP value comes from the ideal simulation result.
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[bookmark: _Ref503185741]Figure 1. Schematic picture of simulation assumptions and total scan pattern, top + bottom patch arrays
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[bookmark: _Ref502834260]Figure 2. CDF curve of spherical coverage, top + bottom patch arrays 


Top Dipole Array + Bottom Patch Array

A 4x1 linear dipole array on the top-edge and a 4x1 linear patch array on bottom-back was simulated with display and glass back cover and with display and plastic back cover. In this simulation the display was covering the full front. A plastic frame is assumed, i.e. the edge (frame) mounted dipole array is covered by plastic. As a reference also a simulation without either display or back cover was performed. 

The simplified layout and corresponding total scan pattern is shown in Figure 1 and the spherical coverage plotted as a CDF curve is shown in Figure 2. For this simplified implementation the gain difference between peak EIRP and 20%-tile is 10dB. The gain difference between peak EIRP and 50%-tile is 6dB. Note that the referred peak EIRP value comes from the ideal simulation result. 
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[bookmark: _Ref503286662]Figure 3. Schematic picture of simulation assumptions and total scan pattern, top dipole array + bottom patch array
[image: ]
Figure 4. CDF curve of spherical coverage, top + bottom patch arrays
Impact of cover material
From this simplified simulation a difference between peak EIRP and the 20%-tile is in the order of 10dB. Measurements on real prototypes is needed to verify the results. 
Observation 1. The difference between peak EIRP and the 20%-tile is in the order of 10dB.
Conclusion
The impact of material in the back cover has been studied. A simplified two-antenna-panel layout has been simulated in accordance to the WF from the RENO meeting [2]. The following observation is made:
Observation 1. The difference between peak EIRP and the 20%-tile is in the order of 10dB.

[bookmark: _GoBack]Measurements on real prototypes is needed to verify the results.
References
[1] [bookmark: _Ref494455962][bookmark: _Ref502663340][bookmark: _Ref484009661][bookmark: _Ref447703865][bookmark: _Ref455046197][bookmark: _Ref473734040][bookmark: _Ref481653652][bookmark: _Ref447634836][bookmark: _Ref447633816]R4-1714445	“WF on pi/2 BPSK spectrum shaping and power class in FR2”, Intel Corporation, Apple, Qualcomm, IITH, LGE, Nokia , Huawei, Motorola Mobility
[2] [bookmark: _Ref502663374][bookmark: _Ref494467807][bookmark: _Ref492632366]R4-1714355	“WF on spherical coverage in FR2”, Samsung, Apple, LGE, Intel, Oppo, Xiaomi, Vivo, MediaTek

image3.png
Ideal: no display, Display + plastic Display + glass
no back cover back cover back cover

P

assumption assumption
permittivity =3 permittivity = 7
tangent loss = tangent loss =
0.02 0.03

120

180





image4.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—No cover
—Plastic back cover

—Glass back cover

5

Gain [dBi]

10

15

20




image1.png
Ideal: no display,
no back cover

.
w©
B
i
b

Display + plastic
back cover

|
5 100 150 200 250 300 350

15

2

Display + glass
back cover

0

60

mn

0 5 100 15 200 250 300 350

180




image2.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

—No cover
——Plastic back cover

—Glass back cover

-10 -5 0

5

Gain [dBi]

10

15

20




