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1 Background
[bookmark: _GoBack]In the last RAN4 meeting in April 2018, a momentous agreement for UE output power requirements on peak EIRP and CDF %-tile for spherical coverage in FR2 was approved along with the plan to finalize the requirement on the value for 50%-tile in this meeting as follows:
	Agreement: 
•       For Rel-15 
•       For 28GHz
•       Min peak EIRP is 22.4 dBm
•       50%-tile requirement for EIRP CDF is FFS
•       For 39GHz 
•       Min peak EIRP is 20.6 dBm
•       50%-tile requirement for EIRP CDF is FFS
Note: for 50%-tile, the values are FFS.


In order to complete the remaining requirements, we recommend focused effort on how to define the EIRP value for 50%-tile of spherical coverage based on the input data. As part of this effort, this paper presents our simulation result for 28GHz (which is the same as in the last meeting) and provides the results for 39GHz to finalize the remaining requirements in this meeting.
2 Simulation results
Real-product implementation aspects for spherical coverage have been considered in RAN4 which significantly impact the achievable EIRP results, triggered by [1]. For an adequate requirement of spherical coverage EIRP, the latest assumptions were approved in RAN4 AH-1801 with the clear understanding of UE implementation and design aspect [2]. Table 1 shows our simulation results for the spherical coverage based on the harmonized assumptions which were submitted in the past meetings [1, 3]. Only the 50%-tile point is captured in the table to follow the agreement from the last meeting.
Table 1: Simulation assumptions and results of spherical coverage for 28GHz
	
	
	Assumptions1
	Assumptions2
	Assumptions3
	Assumptions4
	Assumptions5
	Assumptions6
	Assumptions7

	Frequency range
	　
	n257
	n257
	n257
	n257
	N257
	n257
	N257

	# 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

	Beam phase shifter
	degree　
	45
	45
	45
	45
	45
	45
	45

	Antenna module/set location
	　
	Top / Bottom
	Top / Bottom
	Top & Bottom
	Top & Bottom
	Top & Bottom
	Left & Right & Bottom
	Left & Right & Bottom

	Front cover
	　
	Glass
	Glass
	Glass
	Glass
	Glass
	Glass
	Glass

	Back cover
	
	Glass
	Plastic
	Glass
	Glass
	Plastic
	Glass
	Plastic

	Side cover / Frame 
	　
	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

	Display panel
	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

	%-tile point
	
	Decreased by (from 100%-tile)

	@ 50%
	dB
	8.6
	6.4
	7
	4.5
	5.4
	6
	4.8


Several observations can be made by comparing the results in Table 1.
	1. Full display has a significant impact of more than 2.5 dB loss at 50%-tile point
2. Metal side cover degrades the EIRP with up to 2.2 dB loss compared to plastic
3. Increasing the number of modules results in 1 to 1.6 dB gain


Observation 1: Observations about the impact of full display and metal side cover should be taken into account in defining the requirements for 50%-tile.
Multiple companies have also provided simulation results, and a table in [4] summarizes the input contributions for the requirement with a significant gap in data, and is reproduced in Table 2 with the focus on the 50%-tile. 
Table 2: Summary of simulation results for 28 GHz
	Company
	-
	Samsung
	Apple
	LGE
	Sony
	MediaTek
	Qualcomm

	Frequency range
	-
	n257

	Display
	Partial / Full
	Full
	Full
	Full
	Full
	Full
	Full

	Side cover
	Metal / Plastic
	Metal
	Metal
	Metal
	Metal
	Metal
	Glass

	%-tile point
	
	Decreased by (from 100%-tile)

	EIRP @ 50%
	dB
	8.6
	14
	12.5
	13
	11.6
	5.5


Observation 2: For 28GHz, the simulation results submitted until RAN4#86bis are in the range of 5.5 to 14 dB down from the peak at 50%-tile. The mean value is 10.9 dB down from the peak.
Figure 1 shows the EIRP CDF based on simulation for 39 GHz with Assumption 1 in Table 1.
[image: ]
Figure 1: Simulated EIRP CDF for 39GHz for Assumption 1
Observation 3: For 39GHz, our EIRP value at 50%-tile point is 10.6 dB down from the peak. 
The minimum requirement should be based on the worst case scenario. Measurement data, if available, should be taken into account since simulation cannot capture the possible beams which are reflected or interfered. Nevertheless, considering the current situation and the Rel-15 timeframe, we can consider defining the minimum requirement for Rel-15 by introducing an acceptable margin to our simulated data, without measurement data. In our view, 3dB margin is sufficient.
Observation 4: The 50%-tile requirement can be defined with a margin of 3 dB on top of simulation data, which is 11.6 dB down from the peak, or 10.8 dBm, for our simulation data of 28 GHz.
Therefore, our proposals for finalizing the remaining requirements are:
Proposal 1: For 28 GHz, RAN4 is recommended to define the EIRP for spherical coverage to be 10.8 dBm at 50%-tile, 11.6 dB down from the peak.
Proposal 2: For 39 GHz, RAN4 is recommended to define the EIRP for spherical coverage to be 7 dBm at 50%-tile, 13.6 dB down from the peak.
3 Conclusion
In this contribution, we provide our view on EIRP values for 28 GHz and 39 GHz, and remind of the analysis which has been demonstrated time and again to define the requirement for 50%-tile. Three observations are summarized as below. 
Observation 1: Observations about the impact of full display and metal side cover should be taken into account in defining the requirements for 50%-tile.
Observation 2: For 28GHz, the simulation results submitted until RAN4#86bis are in the range of 5.5 to 14 dB down from the peak at 50%-tile. The mean value is 10.9 dB down from the peak.
Observation 3: For 39GHz, our EIRP value at 50%-tile point is 10.6 dB down from the peak. 
Observation 4: The 50%-tile requirement can be defined with a margin of 3 dB on top of simulation data, which is 11.6 dB down from the peak, or 10.8 dBm, for our simulation data of 28 GHz.
Based on the above observations, we would like to propose: 
Proposal 1: For 28 GHz, RAN4 is recommended to define the EIRP for spherical coverage to be 10.8 dBm at 50%-tile, 11.6 dB down from the peak.
Proposal 2: For 39 GHz, RAN4 is recommended to define the EIRP for spherical coverage to be 7 dBm at 50%-tile, 13.6 dB down from the peak.
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