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1	Introduction
In the last few meetings, power class agreements for handheld devices in FR2 have progressed. The current handheld power class definition consists of two parts: a peak EIRP and an EIRP mask describing spherical coverage [1]. In last month’s RAN4 #85 meeting, several companies presented their data for peak EIRP and a range for the peak EIRP was agreed [2]. The plan is to narrow down the range and finalize the UE peak EIRP requirement.
This paper summarizes the latest agreements for FR2 power class definition and discusses how to choose a number from the established range to finalize the peak EIRP requirement. 
2	Discussion
2.1	Background
The need to finalize the peak EIRP definition for handheld UEs was emphasized in the RAN4 #84bis meeting [3]. The WF’s work plan outlined discussions and improvement of spherical coverage simulations over the next few months, finalizing the spherical coverage requirement during RAN4 #87.
From RAN4 #84bis [3]: 
Agreements:
· A single power class is defined for handheld UEs operating in FR2 in Rel-15
· FFS for other UE types
· The power class value is defined as the peak EIRP and is band dependent
· Baseline definition: the peak EIRP requirement is defined as the minimum value with no tolerance; it is bounded by the range of values between 22 dBm and 30.2 dBm
· The requirements on max allowed EIRP and upper limit TRP for handheld UEs are defined as captured in R4-1710081
· Agreement on the peak EIRP for handheld UEs is sufficient to complete the power class requirement by Dec 2017

During November’s RAN4 #85 meeting, various companies presented their contributions for peak EIRP value. Though the peak EIRP requirement was not finalized, a range of values both at 28 and 39 GHz was chosen.
From RAN4 #85 [2]:
Agreements: 
· The handheld UE peak EIRP range is defined as follows and will be captured in TS38.101-2 in this meeting
· For 28 GHz: [21.2-25.2] dBm
· For 39 GHz: [19.4-23.7] dBm
· Companies are encouraged to provide additional analysis with the intention to finalize the UE peak EIRP requirement

2.2	Analysis of reported peak EIRP
The agreed ranges found in last meeting’s way forward are based on the minimum peak EIRP numbers provided by seven companies [2]. A summary of the peak EIRP numbers at 28 GHz is found in Table 1. Since the definition’s focus is on minimum value, the nominal parameters have been omitted.

Table 1: Reported minimum peak EIRP at 28 GHz [2]
	Parameter
	Unit
	Intel
	LGE
	MediaTek
	Huawei
	Samsung
	Motorola
	Qualcomm
plastic
	Qualcomm glass

	# ant. elements
	 
	4
	 4
	4
	4
	4
	4
	4
	4

	Realized ant.
array gain
	dBi
	8.00
	 10.00
	7.50
	9.00
	9.50
	8.00
	8.72
	8.72

	Polarization gain
	dB
	2.80
	 2.50
	2.50
	2.00
	2.50
	2.80
	2.80
	2.80

	Total implementation
loss (worst-case)
	dB
	-9.60
	 -10.00
	-7.45
	-8.70
	-9.60
	-6.10
	-3.30
	-4.30

	PA operating point (minimum)
	dBm
	14.00
	 14.00
	14.00
	14.00
	14.00
	14.00
	12.00
	12.00

	Peak EIRP (minimum)
	dBm
	20.20
	 21.50
	21.05
	22.30
	22.40
	23.70
	26.24
	25.24



Examining the data in Table 1, we see a significant 6 dB range in the reported minimum peak EIRP values. From the parameter breakdown, we know that this is because of the total implementation losses, which range from -3.3 to -10 dB. 

Observation 1: The wide range in reported minimum peak EIRP values is due to the total implementation losses.

While there is a big difference in the total implementation loss, it is clear that the lowest reported loss of 4.30 dB (taking glass as worst-case) is almost 2 dB below the next lowest loss of 6.10 dB. Also, considering how the numbers are distributed and that the average loss is over 7 dB, we know the weight of the data lies towards a higher loss.
To get a better visual representation of the data, Figure 1 shows a distribution of the reported results at 28 GHz.

Figure 1: Distribution of reported min peak EIRP at 28 GHz 


The min peak EIRP range agreed in the WF for this frequency range is from 21.2 to 25.2 dBm. If we simply take the average, we come to a final value of 23.2 dBm for the peak EIRP requirement. To examine if this value is a good representation of the data we have, we will use Figure 1 and the data distribution numbers found in Table 2.
Table 2: Min peak EIRP distribution at 28 GHz
	Data Distribution @ 28GHz

	%
	min peak EIRP [dBm]

	0.0
	20.20

	0.1
	20.80

	0.2
	21.23

	0.3
	21.58

	0.4
	22.14

	0.5
	22.35

	0.6
	22.66

	0.7
	23.57

	0.8
	24.62

	0.9
	25.54

	1.0
	26.24



From Figure 1, we know that a minimum value of 23.2 dBm implies roughly only 30% will meet the requirement. This is not a viable option, especially considering this limit will be imposed as FTA and regulatory limits (in some countries).  Instead, if we choose 20.80 dBm, we guarantee a much more reasonable 90%. 

Observation 2: Seeing as some countries may adopt 3GPP conformance limits into their regulatory requirements, it is essential to make sure a reasonable amount of devices meet the requirements. 

Observation 3: The 10th percentile (representing a 90% device passing rate) of the reported minimum peak EIRP values for handheld UE at 28 GHz is 20.80 dBm.

Proposal 1: Given the prior agreement on the range of peak EIRP values for consideration of the power class requirement, we propose the value at 28 GHz to be 21.2 dBm.

Now we will discuss the 39 GHz reported results for minimum peak EIRP, which are summarized in Table 3.

Table 3: Reported minimum peak EIRP at 39 GHz [2]
	Parameter
	Unit
	Intel
	LGE
	MediaTek
	Huawei
	Samsung
	Motorola
	Qualcomm
plastic
	Qualcomm glass

	# ant. elements
	 
	4
	4 
	4
	4
	4
	4
	4
	4

	Realized ant.
array gain
	dBi
	7.50
	8.50
	9.00
	9.50
	9.00
	7.00
	10.42
	10.42

	Polarization gain
	dB
	2.80
	2.50
	2.50
	2.00
	2.80
	2.80
	2.80
	2.80

	Total implementation
loss (worst-case)
	dB
	-10.90
	-11.45
	-8.55
	-8.80
	-10.20
	-6.70
	-5.00
	-6.30

	PA operating point (minimum)
	dBm
	14.00
	14.00 
	12.50
	12.00
	12.50
	14.00
	10.50
	10.50

	Peak EIRP (minimum)
	dBm
	18.40
	 18.55
	20.45
	19.70
	20.60
	22.10
	24.74
	23.44




In line with the 28 GHz results, the range of reported results is about 6 dB. Again, this is because of the variability found in the implementation loss parameter. Figure 2 illustrates how the reported results at 39 GHz are distributed, and Table 4 lists the values.

Figure 2: Distribution of reported min peak EIRP at 39 GHz




Table 4: Minimum peak EIRP distribution at 39 GHz
	Data Distribution @ 39GHz

	%
	min peak EIRP [dBm]

	0.0
	18.40

	0.1
	18.51

	0.2
	19.01

	0.3
	19.78

	0.4
	20.30

	0.5
	20.53

	0.6
	20.90

	0.7
	21.95

	0.8
	22.90

	0.9
	23.83

	1.0
	24.74



For 39GHz, the agreed range is 19.4 to 23.7 dBm. The average for this range is 21.55 dBm. In Figure 2 and Table 4, we see this means about 35% will be able to meet the requirement. Focusing on a 90% outcome yields a minimum peak EIRP of 18.5 dBm.

Observation 4: The 10th percentile (representing a 90% device passing rate) of the reported minimum peak EIRP values for handheld UE at 39 GHz as 18.50 dBm.

[bookmark: _GoBack]Proposal 2: Given the prior agreement on the range of peak EIRP values for consideration of the power class requirement, we propose the value at 39 GHz to be 19.40 dBm.

3	Conclusions
This paper discussed our position on how to finalize the peak EIRP power class requirement for handheld UEs. The following observations and proposals have been made:

Observation 1: The wide range in reported minimum peak EIRP values is due to the total implementation losses.

Observation 2: Seeing as some countries may adopt 3GPP conformance limits into their regulatory requirements, it is essential to make sure a reasonable amount of devices meet the requirements.

Observation 3: The 10th percentile (representing a 90% device passing rate) of the reported minimum peak EIRP values for handheld UE at 28 GHz is 20.80 dBm.

Proposal 1: Given the prior agreement on the range of peak EIRP values for consideration of the power class requirement, we propose the value at 28 GHz to be 21.2 dBm.

Observation 4: The 10th percentile (representing a 90% device passing rate) of the reported minimum peak EIRP values for handheld UE at 39 GHz as 18.50 dBm.

Proposal 2: Given the prior agreement on the range of peak EIRP values for consideration of the power class requirement, we propose the value at 39 GHz to be 19.40 dBm.
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Distribution of reported min peak EIRP - 28GHz
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Distribution of reported min peak EIRP - 39GHz
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