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1	Introduction
Agreements for FR2 power class have evolved over the last few meetings. In last month’s AH-1801 meeting, a new UE type for fixed wireless access was introduced [1]. Most discussions, however, have centred on handheld devices and seek to first define the peak EIRP and then spherical coverage [2].
During the RAN4 #85 meeting, a range for peak EIRP values was approved along with plans to finalize the requirement during AH-1801 [3]. However, no consensus could be reached [4]. This paper summarizes the latest agreements for FR2 power class definition, addresses some of the alignment issues through measurements and presents a data driven approach to finalize the handheld peak EIRP requirement for mm-wave power class.
2	Discussion
2.1	Background
As we near the deadline for Rel-15, power class requirements for handheld mm-wave devices need to be resumed. The plan is to focus on peak EIRP definition and the assumptions needed for spherical coverage EM and network simulations [5-7]. 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 [3]:
· 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

[bookmark: _GoBack]The plan for AH-1801 was to evaluate and narrow the range based on companies’ input. 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.

From RAN4 #AH-1801 [4]: 
Agreements:
· Companies are encouraged to provide further information in upcoming meetings that may assist in decision for peak EIRP requirement
· Discussion in upcoming meetings should involve aspects of how much compromise on mmWave performance should be made to benefit design of the phone


2.2	Analysis of reported peak EIRP
The agreed ranges found in [3] are based on the minimum peak EIRP numbers provided by seven companies. Discussions on possible ways to narrow the range in our last meeting, highlighted two major concerns: acceptable device passing rate implied in a higher peak EIRP value and the minimum required peak EIRP from network providers. We present further analysis on what constitutes a reasonable peak EIRP from a device passing rate perspective. To do this, we first demonstrate the significant impact of the form-factor integration on the overall implementation losses.

Moving up into mm-wave frequencies presents changes and challenges on how to mitigate inherently larger integration losses. The implementation loss parameter used to derive peak EIRP is made up of two major types of losses: mismatch losses and radiation losses. Figure 1 shows a graphical representation of these losses. Mismatch losses cover variances in the antenna feed network due to differences in dielectric properties, fabrication tolerances, registration/alignment issues and substrate irregularities. Radiation losses include the effects materials have on the wave (what is reflected and what is stored or absorbed), which is modelled based on the dielectric properties (ɛr and tanδ) of the substrate materials used. Both mismatch and radiation losses are material dependent. Therefore, choosing and properly characterizing substrate materials is important, especially considering their dielectric properties are frequency dependent. 

[image: ]
Figure 1: Breakdown of losses included in implementation loss parameter

Material analysis was addressed through cover loss discussions in [4,8-9] and companies agreed on its significant impact on implementation losses. To better quantify this impact, a set of peak EIRP measurements were done at 39 GHz. The focus was to capture the reduction peak EIRP suffers when introducing a glass layer. The figure below shows the normalized gain of an array by itself (dashed blue line) and with an added glass layer 1 mm away from the antennas (dashed red line). 
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Figure 2: Comparison of Normalized Gain vs Angle for simulated and measured results
The normalized gain difference seen by adding the glass layer is 4 dB. Figure 2 also provides simulated results (dotted lines), which show very good agreement with the measured results. Additional EIRP measurements were done from 37 to 40 GHz. Just like in Figure 2, the antennas were initially measured without any additional layers (free-space). Then a glass layer was introduced, but now measurements were done with a 1mm and 2mm separation from the antennas. The summary of these results is found in Figure 3.
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Figure 3: Summary of normalized EIRP measurements at 39 GHz

If we focus on the changes from free-space (blue) to glass (black and red), we again see the 4 dB drop in EIRP. This is the worst-case scenario for the closest glass layer (black) and the highest frequency (40 GHz). The dashed green line further illustrates the impact of the glass properties, taking the form-factor integration losses to a total of 5 dB. It is important to note that these measurements are not for a fully integrated package. With additional integration impairments, such as adding more material layers and incorporating connection transitions, the total losses will certainly increase.

Observation 1: The measured form-factor integration loss presented does not account for all the losses and impairments of a fully integrated package. Therefore, this number is expected to be higher.

Table 1: Reported total implementation losses [3]
	Parameter
	Unit
	Intel
	LGE
	MediaTek
	Huawei
	Samsung
	Motorola
	Qualcomm
plastic
	Qualcomm glass

	Implementation loss (worst-case) – 28GHz
	dB
	-9.60
	 -10.00
	-7.45
	-8.70
	-9.60
	-6.10
	-3.30
	-4.30

	Implementation loss (worst-case) – 39GHz
	dB
	-10.90
	-11.45
	-8.55
	-8.80
	-10.20
	-6.70
	-5.00
	-6.30



Table 1 presents a summary of the reported implementation losses. Given that the form-factor integration loss we just discussed is part of the overall implementation losses, we expect the total implementation losses to be larger. Therefore, total implementation loss values close to 5 dB at 39 GHz (and 3-4 dB at 28 GHz, through scaling) either do not provide enough margin for the worst-case, or have not taken enough integration impact into account.

Observation 2: The worst-case total implementation losses used to derive peak EIRP must properly account for the form-factor integration impact of the package.

Now we discuss another important aspect used to derive peak EIRP, the operating point of the PA. Previously reported numbers for the PA output power were based on either QPSK or pi/2 BPSK [3]. For some companies, if we adjust the numbers to focus on the anticipated PA performance for QPSK only, there is a difference of about 2 dB. Table 2 presents the updated parameters for minimum peak EIRP calculation at 28 GHz. Looking at the data in the table below, we see better alignment in the peak EIRP values. The larger outlier peak EIRP values report a significantly lower implementation loss. As previously addressed, this parameter may need revising.

Table 2: Updated minimum peak EIRP at 28 GHz [3]
	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 (min)
	dBm
	14.00
	 14.00
	14.00
	14.00
	14.00
	12.00
	12.00
	12.00

	Peak EIRP (min)
	dBm
	20.20
	 21.50
	21.05
	22.30
	22.40
	21.70
	26.24
	25.24



During AH-1801 [4], several proposals were presented with a compromise value for peak EIRP close to the midpoint of the agreed ranges. As a full system spec, peak EIRP has many independent random variables embedded in its value. By simply averaging the range we would not fairly judge the system as a whole and risk creating a stringent UE integration requirement that could lead to low handheld device passing rates. Thus, we propose using a statistical, data-driven approach to narrow the agreed range. To analyse the updated data in Table 2, we first create a distribution of the results (Fig. 4).

Observation 3: Given it is a full system spec, we should use a statistical approach to finalize the minimum peak EIRP requirement. This will ensure a reasonable integration requirement for handheld devices.




Figure 4: Distribution of updated reported minimum peak EIRP at 28 GHz 



Table 3: 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
	21.52

	0.4
	21.66

	0.5
	22.00

	0.6
	22.32

	0.7
	22.39

	0.8
	24.10

	0.9
	25.54

	1.0
	26.24




The minimum peak EIRP range agreed in the WF for this frequency range is from 21.2 to 25.2 dBm. From Figure 4 and Table 3, we know that a peak EIRP at the high end of the range (25.2 dBm) means only about 10% will meet the requirement. Slightly better, for the midpoint value of 23.2 dBm, it is 25%. These are not a viable options, especially considering this limit will be imposed as FTA and regulatory limits (in some countries). If instead we choose 20.80 dBm, we guarantee a much more reasonable 90% device passing rate. 

Observation 4: 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 handheld power class requirement, we propose the value at 28 GHz to be 21.2 dBm.

We will now follow the same approach to discuss the updated 39 GHz results for minimum peak EIRP. The results with the adjusted PA operating point are summarized in Table 4.

Table 4: Updated minimum peak EIRP at 39 GHz [3]
	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 (min)
	dBm
	14.00
	14.00 
	12.50
	12.00
	12.50
	10.50
	10.50
	10.50

	Peak EIRP (min)
	dBm
	18.40
	 19.05
	20.45
	19.70
	20.60
	18.60
	24.74
	23.44



As was the case with the 28 GHz results, after adjusting the output power of the PA, the peak EIRP values are better aligned. Again, the outlier values report the lowest implementation losses. The distribution data for the updated minimum peak EIRP values at 39 GHz are shown in Figure 5 and Table 5.



Figure 5: Distribution of reported min peak EIRP at 39 GHz


Table 5: Minimum peak EIRP distribution at 39 GHz
	Data Distribution @ 39GHz

	%
	min peak EIRP [dBm]

	0.0
	18.40

	0.1
	18.54

	0.2
	18.78

	0.3
	19.12

	0.4
	19.57

	0.5
	20.08

	0.6
	20.48

	0.7
	20.59

	0.8
	22.30

	0.9
	23.83

	1.0
	24.74



At 39GHz, the agreed range is 19.4 to 23.7 dBm. The high end of the range represents a 10% passing rate, while the average represents about 25% passing rate. If we focus on a 90% passing rate, the minimum peak EIRP is 18.54 dBm.

Observation 5: The 10th percentile (representing a 90% device passing rate) of the reported minimum peak EIRP values for handheld UE at 39 GHz as 18.54 dBm.

Proposal 2: Given the prior agreement on the range of peak EIRP values for consideration of the handheld 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 measured form-factor integration loss presented does not account for all the losses and impairments of a fully integrated package. Therefore, this number is expected to be higher.

Observation 2: The worst-case total implementation losses used to derive peak EIRP must properly account for the form-factor integration impact of the package.

Observation 3: Given it is a full system spec, we should use a statistical approach to finalize the minimum peak EIRP requirement. This will ensure a reasonable integration requirement for handheld devices.

Observation 4: 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 handheld power class requirement, we propose the value at 28 GHz to be 21.2 dBm.

Observation 5: The 10th percentile (representing a 90% device passing rate) of the reported minimum peak EIRP values for handheld UE at 39 GHz as 18.54 dBm.

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