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Introduction
This contribution reviews existing quiet zone and test zone sizes for OTA test cases. Based on a review of currently available tablets and laptops with WWAN modules, new quiet zone sizes for PC3 devices are proposed.
Existing Quiet Zones
Various quiet zone (generally used for SISO OTA testing) or test zone (generally used for MIMO OTA testing) sizes have been introduced for OTA test plans which are tabulated in Table 1.
[bookmark: _Ref19542608]Table 1: Overview of currently defined OTA quiet zones and test zone sizes.
	Quiet Zone/
Test Zone Size
	Applicability
	Reference

	15cm
	UE (RF, DEMOD, RRM) NR FR2 testing for smartphone UEs
	[1][2]

	20cm
	NR FR1 and FR2 MIMO OTA for handset devices
	[3]

	30cm
	· 2G/3G/4G SISO and LTE MIMO OTA testing
· UE (RF, DEMOD, RRM) NR FR2 testing
	[4][5]
[1][2]

	42cm
	2G/3G/4G SISO OTA testing of notebooks and tablets
	[4]



The 15cm QZ size was defined in 2017 as part of the FS_NR_testMethods Study Item in [6] and seemed rather arbitrary
The MU assumptions of this SI are based on a smartphone DUT [RAN4 #82bis R4-1704396] with max quiet zone size of 15cm in diameter
The 20cm test zone size was introduced for handheld UEs in 2019 as part of the NR_MIMO_OTA_TestMethod Study Item in [7]. This definition was based on a thorough review of dimensions for 135 different LTE capable handsets certified in CAICT’s lab in 2018. The conclusion of the CDF analysis was that a 20cm test zone size covers (almost) all smartphones; it also shows that none of these LTE smartphones can fit into the 15cm quiet zone size. 

Figure 1: The CDF curve of 135 wide LTE handsets (width >72mm) in 2018 CTA data pool from CAICT OTA lab (from [7])

Additionally, a brief survey of smartphone dimensions, tabulated in Table 2, was conducted that were available on US operator websites in September 2019. Clearly, none of the current, commercially available smartphones would fit within a 15cm quiet zone as the maximum diameter of all devices exceeded 15cm. 
[bookmark: _Ref20159994]Table 2: Survey of commercially available smartphones on US operator websites
	Models
	Dimensions [cm]
	Max Diameter = 
Min. Quiet Zone 
[cm]

	
	Height
	Width
	Depth
	

	Apple iPhone 11 Pro Max
	15.8
	7.8
	0.8
	17.6

	Apple iPhone 11 Pro
	14.4
	7.1
	0.8
	16.1

	Apple iPhone 11
	15.1
	7.6
	0.8
	16.9

	Samsung Galaxy Note 10
	15.1
	7.2
	0.8
	16.7

	Samsung Galaxy Note 10+
	16.2
	7.7
	0.8
	18.0

	Samsung Galaxy S10+
	15.7
	7.4
	0.8
	17.4

	Samsung Galaxy S10e
	14.2
	7.0
	0.8
	15.9

	Samsung Galaxy S10
	15.0
	7.0
	0.8
	16.6

	Samsung Fold
	16.1
	11.8
	0.7
	19.9

	LG G8 ThinQ
	15.2
	7.2
	0.8
	16.9

	LG Stylo 4+
	16.0
	7.8
	0.8
	17.8

	Kyocera DuraForce Pro 2
	15.0
	7.3
	1.4
	16.8

	Razer Phone 2
	15.8
	7.9
	0.8
	17.7

	LG V40 ThinQ
	15.9
	7.6
	0.8
	17.6

	Motorola moto z4
	15.8
	7.5
	0.7
	17.5

	Google Pixel 3
	14.6
	6.8
	0.8
	16.1

	Google Pixel 3 XL
	15.8
	7.7
	0.8
	17.6

	Samsung Galaxy A50
	15.7
	7.4
	0.8
	17.4

	LG Stylo 5
	16.1
	7.8
	0.9
	17.9

	OnePlus 7 Pro 5G
	16.3
	7.6
	0.9
	18.0

	moto e 6th gen
	15.0
	7.2
	0.9
	16.6



It is rather unfortunate to have two different quiet zones for handset devices or smartphone UEs, i.e., 15cm and 20cm, especially since the 15cm quiet zone is insufficient for most common LTE smartphones.  
[bookmark: _Ref19709260]Observation 1: The 15cm quiet zone is insufficient for most common LTE smartphones. 
However, there is generally no overlap in test systems for NF FR2 UE and NR FR2 MIMO OTA testing so that quality of quiet zone validations do not have to be performed for both 15cm and 20cm in the same system. 
CTIA’s smallest quiet zone for the Main (SISO) and MIMO OTA Test Plans [4][5] is 30cm in diameter for “small form factor devices” which is sufficient for most phones, smartphones, and phablets. The 15cm quiet zone was later augmented in RAN5 [2] with a 30cm quiet zone for NR FR2 UE test cases to support larger devices. 
CTIA’s largest quiet zone in the Main (SISO) OTA Test Plan [4] is 42cm (largest single dimension) for “large form factor devices,” e.g., tablets and laptops.  
The definition of the different quiet zone sizes and dimensions for small and large form factor devices is outlined in Figure 2.
[image: ]
[bookmark: _Ref19707143]Figure 2: CTIA quiet zone definitions for small and large form factor devices (Figure 3-8 of [4])
It is proposed to abandon the 15cm quiet zone and solely focus on the 30cm quiet zone for PC3 smartphone and handsets; additionally, it is suggested to send an LS to RAN5 to inform them to focus on the 30cm quiet zone and not to work on the 15cm quiet zone any longer (for any test methodology)
[bookmark: _Ref19709275]Proposal 1: Abandon the 15cm quiet zone for PC3 smartphones and handsets and inform RAN5 to focus on the 30cm quiet zone for smartphone UEs.
Larger Quiet Zones
A brief survey of current commercially available tablets and laptops with WWAN (LTE) connectivity was conducted to study the required quiet zone/test zone sizes for these two types of devices that should fall into the Power Class 3 (PC3) category.

The review of the tablets is summarized in Table 3 for three distinct tablet types: small (screen sizes of up to 8”), regular (screen sizes of up to ~11”), and large (screen sizes of 12” or greater).
[bookmark: _Ref19707969][bookmark: _Ref19707965]Table 3: Survey of commercially available tablets with WWAN (LTE) connectivity in terms of dimensions
	Type
	Models with WWAN
	Dimensions [cm]
	Min. Quiet Zone [cm]

	
	
	Height
	Width
	Depth
	

	Mini
	Apple Mini
	20.3
	13.5
	0.6
	24.4

	
	Kindle Fire HD 8
	21.4
	12.8
	1.0
	25.0

	Regular 
	Apple iPad
	25.1
	17.4
	0.8
	30.5

	
	Apple iPad Air
	25.1
	17.4
	0.6
	30.5

	
	Apple iPad Pro (11")
	24.8
	17.9
	0.6
	30.5

	
	Samsung Galaxy Tab S6
	24.5
	16.0
	0.6
	29.2

	
	Galaxy Tab A
	26.0
	16.1
	0.8
	30.6

	Large
	Apple iPad Pro (12.9")
	28.1
	21.5
	0.6
	35.3

	
	Microsoft Surface Pro 6
	29.2
	20.1
	0.9
	35.5

	
	Dell Latitude 7200
	29.2
	20.9
	0.9
	35.9

	
	Galaxy Book2 12"
	28.8
	20.0
	0.7
	35.1



The minimum quiet zone in the last column is the maximum diameter of a sphere necessary to enclose the entire device. The results show that a 30cm quiet zone size is not sufficient for the large majority of these devices. 
[bookmark: _Ref19709267]Observation 2: A quiet zone size of 30cm is not sufficient for the majority of tablet devices with WWAN connectivity
The review of commercially available laptops with WWAN connectivity is summarized in Table 4 for three distinct laptop types: mobile (screen sizes of up to 14”), medium workstation (screen sizes of up to ~15.6”), and large workstation (screen sizes of 17” or greater).

[bookmark: _Ref19708513]Table 4: Survey of commercially available laptops with WWAN (LTE) connectivity in terms of dimensions
	Type
	Models (with WWAN)
	Dimensions (closed) [cm]
	Min. Quiet Zone [cm]

	
	
	Width
	Depth
	Height
	

	Mobile
	Dell Latitude 7300
	30.7
	20.7
	1.8
	46.5

	
	Dell Latitude 7400
	32.0
	20.0
	1.5
	46.4

	
	HP EliteBook x360 1030 G4
	30.6
	20.4
	1.6
	46.0

	
	HP EliteBook x360 1040 G6
	32.1
	21.5
	1.7
	48.4

	
	Lenovo X1 Carbon Gen 7
	32.3
	21.7
	1.5
	48.7

	Medium Workstation
	HP ZBook Studio G5
	36.0
	25.4
	1.8
	55.8

	
	HP ZBook 15
	37.6
	26.4
	2.5
	58.5

	
	Lenovo P53
	37.8
	25.2
	2.5
	57.1

	Large Workstation
	HP ZBook 17
	41.6
	28.8
	3.3
	64.4

	
	Dell Precision 7740 Mobile Workstation
	41.4
	25.3
	2.7
	59.8


The results show that none of the existing quiet zone sizes is sufficient for laptops. 

It is therefore proposed to introduce two more quiet zones for NR FR2 PC3 devices: 
· 45cm for tablets and larger handheld devices
· 65cm for laptop devices
While tablet devices could fit into a slightly smaller quiet zone, it is proposed to define a quiet zone that fits almost halfway in between the 30cm quiet zone and the required 65cm quiet zone size for laptop devices. 
[bookmark: _Ref19709280]Proposal 2: Introduce two additional quiet zone sizes for PC3 devices: 45cm quiet zone for tablets and larger handhelds and 65cm quiet zones for laptops. 
Since current test methodologies are applicable to these larger quiet zones, it is proposed to inform RAN5 to augment the MU/Maximum Test System Uncertainty (MTSU) analyses for these additional two quiet zone sizes. 
[bookmark: _Ref19709283]Proposal 3: Inform RAN5 to augment their MU/MTSU analyses for the additional two quiet zones sizes of 45cm and 65cm.
For RAN5 to define MUs for measurement grids, it is required that the worst-cases antenna assumptions for tablets and laptops to be communicated to RAN5. OEMs are therefore encouraged to provide worst-case antenna assumptions (HPBW, number of array elements in H & V, beamforming assumptions for spherical coverage analyses). 
[bookmark: _Ref20160471]Proposal 4: OEMs to provide worst case antenna assumptions to RAN5 for measurement grid MU analyses. 

Conclusion
The following observations and proposals were made in this contribution:
[bookmark: _GoBack]Observation 1: The 15cm quiet zone is insufficient for most common LTE smartphones.
Proposal 1: Abandon the 15cm quiet zone for PC3 smartphones and handsets and inform RAN5 to focus on the 30cm quiet zone for smartphone UEs.
Observation 2: A quiet zone size of 30cm is not sufficient for the majority of tablet devices
Proposal 2: Introduce two additional quiet zone sizes for PC3 devices: 45cm quiet zone for tablets and larger handhelds and 65cm quiet zones for laptops.
Proposal 3: Inform RAN5 to augment their MU/MTSU analyses for the additional two quiet zones sizes of 45cm and 65cm.
Proposal 4: OEMs to provide worst case antenna assumptions to RAN5 for measurement grid MU analyses.
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