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Introduction
Following the discussion in previous meetings regarding QZ sizes bigger than 30cm in diameter, we present here our views on the next steps.
This is a resubmission of R5-202082 [1] with additional proposals.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
In Ref. [1], a brief survey of devices implementing WWAN (LTE) connectivity was presented and two additional QZ sizes (45 and 65cm in diameter) were proposed in order to cover all devices. 
From our point of view, no matter the size of the survey, there will be always outliers that will require even larger QZ sizes, and therefore the approach to define the QZ size based on the bigger device is not sustainable.
If discrete QZ sizes are to be defined, it is obvious that a compromise should be pursued, where most of the devices are covered with the minimum number of additional QZ sizes.
Observation 1: The attempt to cover all possible devices sizes with a discrete number of QZ sizes is not a sustainable approach.
Until further feedback is provided from UE vendors and operators, we performed an extensive market survey for 4G and 5G enabled devices larger than 30cm diameter, obtaining a total of 73 devices in addition to the 15 devices listed in Ref. [1]. Figure 2-1 shows the distribution of devices with respect to the required QZ size. The red curve represents a fit of a Gaussian CDF to the empirical data. The null hypothesis that the data follows a normal distribution cannot be rejected by a Kolmogorov-Smirnov test at a 5% significance level.
[image: ]
Figure 2-1: CDF of device sizes. Blue solid line: empirical data. Blue dotted lines: confidence bounds for 95% confidence level. Red curve: Gaussian CDF fit to the data.

The number of devices per type is shown in table 2-1:
	CPE
	15

	Router
	30

	Gateway
	1

	Laptop
	29

	Tablet
	13

	Total
	88


Table 2-1: Number of devices per type in the survey

Based on this information, 55cm QZ seems the best compromise since it covers 78% to 92% of devices with one single QZ size with a confidence level of 95%.
Observation 2: ~85% of the devices in the available dataset are covered with a 55cm QZ.
Proposal 1: Select 55cm as the QZ size to test devices larger than current QZ limited to 30cm.
It has to be noted that this dataset only refer to currently available devices on the market with WWAN (LTE) capabilities and only a limited amount with NR capabilities. 
It is therefore highly recommended that OEMs and operators provide feedback on the foreseen device sizes bigger than 30cm in order to make the analysis more meaningful to actual NR FR2 devices. This request is already covered as an Action Point.
DUT test volume shape
In the course of discussions during last meeting, the idea of defining the effective volume occupied by the DUT using a cylinder instead of a sphere was mentioned as the optimal approach. In this case, the DUT should be fully contained inside a cylinder instead of the current approach of defining the test volume / QZ volume as a sphere.
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Figure 3-1: DUT effective volume as: a) sphere, b) cylinder, c) overlap between both sphere and cylinder
While from practical point of view, when DUT is placed and rotated on a positioning system, the cylinder shape is better, it does not help defining the actual maximum QZ size since it is spherical anyway. Following figure show how a cylindrical DUT volume becomes an almost spherical QZ volume when rotating.
[image: cid:image004.jpg@01D62881.13058770]

Observation 3: a cylindrical volume defining the maximum size of the DUT becomes a sphere when DUT is rotated.
In terms of QZ size, it only make sense to define the QZ size based on the full spherical volume occupied by the DUT, using the DUT size in the market survey as presented in section 2 of this contribution. 
Proposal 2: define the QZ size based on the full spherical volume occupied by the DUT.

Despite the need to define the QZ size based on the full spherical volume occupied by the DUT, and in the light of the practical advantages for the positioning system to define the maximum DUT volume as a cylinder, further improvements to the overall definition are recommended. 
Looking at the data from the device size survey, the best fit to the 55cm QZ size is a cylinder with 48cm diameter and 26cm height. 
Observation 4: maximum DUT volume defined as a cylinder has many practical advantages.
Proposal 3: for devices not fitting the 30cm QZ, define the maximum DUT volume as a cylinder with 48cm diameter and 26cm height.
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In this contribution, the following observations and proposals were made:
Observation 1: The attempt to cover all possible devices sizes with a discrete number of QZ sizes is not a sustainable approach.
Observation 2: ~85% of the devices in the available dataset are covered with a 55cm QZ.
Observation 3: a cylindrical volume defining the maximum size of the DUT becomes a sphere when DUT is rotated.
Observation 4: maximum DUT volume defined as a cylinder has many practical advantages.

Proposal 1: Select 55cm as the QZ size to test devices larger than current QZ limited to 30cm.
Proposal 2: define the QZ size based on the full spherical volume occupied by the DUT.
Proposal 3: for devices not fitting the 30cm QZ, define the maximum DUT volume as a cylinder with 48cm diameter and 26cm height.
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