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1	Introduction
Agreements for mm-wave power class have evolved over time. During the AH-1801 meeting, a new UE type for fixed wireless access was introduced [1]. Most discussions have centered on handheld devices and seek to first define the peak EIRP and then spherical coverage [2]. However, no progress has been made during the past two meetings [3-5] to narrow down the approved ranges for minimum peak EIRP from RAN4 #85 [6].
This paper summarizes the latest agreements for FR2 power class definition, addresses some important packaging issues and impact on overall losses, and focuses on a data-driven approach to finalize the handheld peak EIRP requirement for FR2 power class.
2	Discussion
2.1	Background
As we near the deadline for Rel-15, power class requirements for handheld UEs need to be finalized. The plan is to focus on peak EIRP definition and the assumptions needed for spherical coverage EM and network simulations [7-9]. Once completed, we can finalize the power class requirements during RAN4 #87. Based on the reported values of several companies, a range of values for peak EIRP at 28 and 39 GHz was agreed to during RAN4 #85. 

Agreements from RAN4 #85 [6]:
· 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

During AH-1801, several proposals were presented ranging from taking an average, to focusing on either the lowest or the highest values in the range. However, no consensus could be reach during the meeting [3].

A similar situation happened during RAN4 #86. Two separate WFs were presented, but neither was approved. The first WF [4] proposed minimum peak EIRP values along with 50%-tile EIRP CDF.
Agreements from first WF [4]:
· For Rel-15
· For 28GHz
· Min peak EIRP is 23.2 dBm
· 50%-tile requirement for EIRP CDF is 13.8dBm, 9.4 dB down from peak (above)
· For 28GHz
· Min peak EIRP is 21 dBm
· 50%-tile requirement for EIRP CDF is FFS
· For Rel-16
· Strive to specify 20%-tile requirement for EIRP CDF in Rel-16

The second WF [5] proposed three options to finalize the requirement. Each option was driven by the reported data presented during the meeting.
Agreements from second WF [5]:
· Option 1: Use the 50th percentile value of reported data for min peak EIRP definition
· For 28GHz = 22.00 dBm
· For 39GHz = 20.08 dBm
· Option 2: Narrow the previously approved range [2] by taking equal percentile on each side of the data distribution. The new ranges will be:
· For 28GHz = [21.52 – 22.39] dBm, 30% each side
· For 39GHz = [19.57 – 20.48] dBm, 40% each side
· Option 3: Use the 50th percentile value of reported data for min peak EIRP definition and use the nominal peak EIRP value as given below:
· For 28GHz: Min = 22.00 dBm, Nominal value = 25dBm
· For 39GHz: Min = 20.08 dBm, Nominal value = 23dBm
· In Rel. 16, the minimum value will be increased with the average of measured min peak EIRP values provided by companies in Rel.15
· Peak EIS levels will be specified using the same approach


2.2	Analysis of reported data
Discussions in the last few meetings on how to narrow the approved ranges brought up two major concerns: acceptable device passing rate implied in a higher peak EIRP value and the minimum required peak EIRP from network providers. For handheld devices, the most challenging aspect to achieving acceptable passing rates lies on the implementation losses. Considering the minimum peak EIRP requirement focuses on the worst-case scenario, characterization of the package losses is an important part to derive the requirement. 

Packaging losses were studied in [10]. The simulated results highlighted the importance of the material used and its dielectric properties (including thickness), as these had the biggest impact on the cover losses. Some companies have even reported peak EIRP data for different materials (plastic and glass). As glass is a higher dielectric constant material with higher loss, its peak EIRP will be lower than that of plastic and can be considered the worst-case package. 

Observation 1: The minimum peak EIRP requirement focuses on the worst-case scenario. From a packaging perspective, implementation losses should then consider the higher integration loss from a package including glass.

In [11], a detailed breakdown of the losses was presented, along with measured results for partial integration with a glass layer. To give provide more details on the glass impact on peak EIRP, two separate glass materials with different dielectric properties will be compared. The table below presents the minimum peak EIRP results for different glass materials from two alternative designs.

Table 1: Minimum peak EIRP for different glass materials
	Material
	Frequency
	Intel
	Intel alt. design

	Glass 1
	28 GHz
	20.20
	20.30

	Glass 2
	
	19.70
	19.80

	Glass 1
	39 GHz
	18.40
	18.50

	Glass 2
	
	17.90
	18.00


  
From the data in Table 1, we see that there is a 0.5 dB difference in peak EIRP between Glass 1 and Glass 2, for both designs. This means that while there may be a bigger difference between plastic and glass numbers [10,12], the glass used will also impact our peak EIRP number.

Several companies have provided minimum peak EIRP numbers based on feasible implementation assumptions with their respective currently available material options. A summary of the reported minimum peak EIRP numbers, along with the new glass material data, is found in Table 2.

Table 2: Updated minimum peak EIRP data [4]
	Source
	Min Peak EIRP [dBm]
28 GHz
	Min Peak EIRP [dBm]
39 GHz

	Intel (glass 1)
	20.20
	18.40

	Intel (glass 2)
	19.70
	17.90

	LGE [13]
	21.50
	18.30

	MediaTek
	21.05
	20.45

	Huawei
	22.30
	19.70

	Samsung
	22.40
	20.60

	Intel alt. design (glass 1)
	20.30
	18.50

	Intel alt. design (glass 2)
	19.80
	18.00

	Motorola
	21.70
	18.60

	Qualcomm (plastic)
	26.24
	24.74

	Qualcomm (glass)
	25.24
	23.44



From the minimum peak EIRP 28 GHz data we see that only two data points exceed 23 dBm; the remaining nine points are below 22.50 dBm. A plot of the distribution found in Figure 1 clearly shows how these two data points are significantly separated from the rest of the data. In fact, 23 dBm implies less than 20% passing rate. This means the 23.2 dBm minimum peak EIRP proposed in [4] is not feasible. Given that the 50th percentile is 21.50 dBm and the 80% passing rate is 20.20 dBm, the 22.0 dBm proposed in [5] is a much more reasonable compromise.
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Figure 1: Distribution of reported min peak EIRP at 28 GHz

Observation 2: For 28 GHz, the 23.2 dBm minimum peak EIRP proposed in [4] implies a less than 20% passing rate. The 20th percentile (representing 80% device passing rate) of the reported minimum peak EIRP values for handheld UE at 28 GHz is 20.20 dBm.

Proposal 1: Given the prior agreement on the range of minimum peak EIRP values for consideration of the handheld power class requirement, we propose the value at 28 GHz to be 22.0 dBm.
Now focusing on the 39 GHz data, we are in a similar situation where only two data points exceed 21 dBm; the remaining nine points are below 20.60 dBm. Figure 2 is a plot of the distribution and again we see how these two data points are far from the rest of the data. Looking at the data distribution numbers, 21 dBm implies less than 20% passing rate. The proposed minimum peak EIRP in [4] is 21.0 dBm, which does not seem reasonable. Given that the 50th percentile is 18.60 dBm and the 80% passing rate is 18.30 dBm, the 20.0 dBm proposed in [5] is a better compromise.
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Figure 2: Distribution of reported min peak EIRP at 39 GHz

Observation 3: For 39 GHz, the 21.0 dBm minimum peak EIRP proposed in [4] implies a less than 20% passing rate. The 20th percentile (representing 80% device passing rate) of the reported minimum peak EIRP values for handheld UE at 28 GHz is 18.30 dBm.

Proposal 2: Given the prior agreement on the range of minimum peak EIRP values for consideration of the handheld power class requirement, we propose the value at 39 GHz to be 20.0 dBm.


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

Observation 1: The minimum peak EIRP requirement focuses on the worst-case scenario. From a packaging perspective, implementation losses should then consider the higher integration loss from a package including glass.

Observation 2: For 28 GHz, the 23.2 dBm minimum peak EIRP proposed in [3] implies a less than 20% passing rate. The 20th percentile (representing 80% device passing rate) of the reported minimum peak EIRP values for handheld UE at 28 GHz is 20.20 dBm.

Proposal 1: Given the prior agreement on the range of minimum peak EIRP values for consideration of the handheld power class requirement, we propose the value at 28 GHz to be 22.0 dBm.

Observation 3: For 39 GHz, the 21.0 dBm minimum peak EIRP proposed in [3] implies a less than 20% passing rate. The 20th percentile (representing 80% device passing rate) of the reported minimum peak EIRP values for handheld UE at 28 GHz is 18.30 dBm.

Proposal 2: Given the prior agreement on the range of minimum peak EIRP values for consideration of the handheld power class requirement, we propose the value at 39 GHz to be 20.0 dBm.
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