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Background
In this paper we continue presenting measurement result. In [1] Measurement on a prototype with front side + backside antenna panels were shown. This document is updated with measurement on front side only including glass cover and backside only, including plastic cover. For simulated results according to the assumptions in [3] please refer to [1].
Measurement set-up
The measurement is done on an evaluation prototype in a smartphone UE size (slightly larger than 3GPP simulation assumption) with partial display (i.e. front side antenna is behind glass cover) and plastic back cover. A schematic outline is shown in Figure 1. Measurement is done with a CW signal and therefore only relative gain is reported. Antenna modules consists of patch elements in 2x2 matrices. A far field test method is used.  Measurements are reported for front side antenna only (glass cover), backside antenna only (plastic cover) and combined performance (best beam chosen). Each antenna panel has 5 discrete beams.
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[bookmark: _Ref510773720]Figure 1. Schematic outline of measurement prototype.
Result
Measured CDF EIRP spherical performance is shown in Figure 2 and result is listed in Table 1. From the data we make the following observations:
Observation 1: 	The gap between a single and two modules is bigger at the lower CDF points.
Observation 2: 	Implementation loss due to high-loss glass (Front-side) is 1 – 2 dB higher compared to plastic (Back-side) cover material which is consistent with simulations.
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[bookmark: _Ref510783635]Figure 2. Measurements result (front glass, plastic back cover and combined).


	Assumption
	-
	2-modules
	Back-side only
	Front-side only

	Display
	Partial / Full
	Partial

	No antenna arrays
	Back side
	1
	1
	N/A

	
	Front side
	1
	N/A
	1

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

	Back cover
	Glass / Plastic
	Plastic
	Plastic
	N/A

	Front cover
	Glass / Plastic
	Glass
	N/A
	Glass

	EIRP @ 100%%-tile point
	dBm
	22.4dBm (agreement in #86bis [4])

	 EIRP @ 50%
	dB
	9.1
	12.5
	13.1

	 EIRP @ 40%
	dB
	10.1
	14.2
	14.7

	 EIRP @ 30%
	dB
	11.1
	16.2
	17.9

	 EIRP @ 20%
	dB
	12
	19.1
	21



[bookmark: _Ref510783680]Table 1. Summary of measured CDF spherical performance
Conclusion
The spherical coverage of a handheld UE was measured on a smartphone evaluation prototype. The following observations were made:
Observation 1: 	The gap between a single and two modules is bigger at the lower CDF points.
Observation 2: 	Implementation loss due to high-loss glass (Front-side) is 1 – 2 dB higher compared to plastic (Back-side) cover material which is consistent with simulations.
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