[bookmark: _Hlk6897498][bookmark: _Hlk3548187][bookmark: _Toc508617208]3GPP TSG-RAN WG5 #85		R5-198262
Reno, NV, USA, 18 – 22 November 2019 

Agenda item:	5.3.5.17
Source:	Keysight Technologies
Title:	On Larger Quiet Zone Sizes
Document for:	Discussion and Endorsement
Introduction
This contribution reviews commercially available tablet and laptop sizes and determines appropriate cylindrical and spherical quiet zone sizes. 
Discussion
Parts of this contribution were initially presented and discussed in RAN4 [1] and are now presented in RAN5 following the advice from the RAN4 chair to present quiet zone size related contributions in RAN5 instead of RAN4. 
Various quiet zone/test zone sizes have been introduced for OTA test plans and tabulated in Table 1.
[bookmark: _Ref19542608]Table 1: Overview of currently defined OTA quiet zones and test zone sizes.
	Quiet Zone/
Test Zone Size
	Additional QZ Information
	Applicability
	Reference

	15cm
	Spherical QZ with diameter of 15cm
	UE (RF, DEMOD, RRM) NR FR2 testing for smartphone UEs
	[2][3]

	20cm
	Spherical QZ with diameter of 20cm
	NR FR1 and FR2 MIMO OTA for handset devices
	[4]

	30cm
	Cylindrical QZ with diameter and height of 30cm
	2G/3G/4G SISO and LTE MIMO OTA testing
	[5][6]


	30cm
	Spherical QZ with diameter of 30cm
	UE (RF, DEMOD, RRM) NR FR2 testing
	[2][3]

	50cm
	Cylindrical QZ with diameter of 50cm and height of 36cm
	2G/3G/4G SISO OTA testing of notebooks and tablets
	[5]



While the quiet zones in the CTIA test plans have been defined as cylindrical quiet zones, the quiet zones defined for NF FR2 testing in 3GPP and CTIA have all been defined as spherical quiet zones. 
[bookmark: _Ref23790202]Observation 1: While the quiet zones in the CTIA test plans have been defined as cylindrical quiet zones, the quiet zones defined for NF FR2 testing in 3GPP and CTIA have all been defined as spherical quiet zones.
This contribution is aimed at defining quiet zones for larger devices than smartphone UEs, e.g., tablets and laptops. The CTIA test plan has defined two cylindrical quiet zones for such wireless enabled devices. The dimensions of the two quiet zones are illustrated in Figure 1 and tabulated in Table 1.

[image: ]
[bookmark: _Ref22724120]Figure 1: Illustration of the 30 and 50cm quiet zones (Figure 3-8 from [1])
[bookmark: _Ref22724393]Table 2: Cylindrical Quiet Zone Dimensions of the 30cm and 50cm Quiet Zones
	Quiet Zone Dimensions
	30cm
	50cm

	Radius of Cylinder
	15cm
	25cm

	Diameter of Cylinder
	30cm
	50cm

	Height of Cylinder
	30cm
	36cm



While smartphones can easily fit within the 30cm quiet zone [7], this contribution determines how large spherical or cylindrical quiet zones have to be in order to fit common tablets and laptops. 
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.
The review of the tablet dimensions is summarized in Table 3 for three tablet types: small (screen sizes of up to 8”), regular (screen sizes of up to ~11”), and large (screen sizes of 12” or greater). The minimum cylindrical quiet zone diameter in the last column is the maximum diameter of a circle necessary to enclose the entire device in terms of height and width; the min. spherical quiet zone in the second last column on the other hand is maximum diameter of a sphere necessary to enclose the entire device.


[bookmark: _Ref19707969][bookmark: _Ref19707965]Table 3: Survey of commercially available tablets with WWAN (LTE) connectivity in terms of dimensions
	Type
	Models with WWAN
	Typical Dimensions [cm]
	Min. Quiet Zone Sphere Diameter [cm]
	Min. Cylindrical Quiet Zone Diameter [cm]

	
	
	Height
	Width
	Depth
	
	

	Mini
	Apple Mini
	20.3
	13.5
	0.6
	24.4
	24.4

	
	Kindle Fire HD 8
	21.4
	12.8
	1.0
	25.0
	24.9

	Regular 
	Apple iPad
	25.1
	17.4
	0.8
	30.5
	30.5

	
	Apple iPad Air
	25.1
	17.4
	0.6
	30.5
	30.5

	
	Apple iPad Pro (11")
	24.8
	17.9
	0.6
	30.5
	30.5

	
	Samsung Galaxy Tab S6
	24.5
	16.0
	0.6
	29.2
	29.2

	
	Galaxy Tab A
	26.0
	16.1
	0.8
	30.6
	30.6

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

	
	Microsoft Surface Pro 6
	29.2
	20.1
	0.9
	35.5
	35.4

	
	Dell Latitude 7200
	29.2
	20.9
	0.9
	35.9
	35.9

	
	Galaxy Book2 12"
	28.8
	20.0
	0.7
	35.1
	35.0



[bookmark: _Ref19709267]Due to their very limited height, the min size of the cylindrical diameter closely matches the diameter of the sphere needed to fully enclose the tablets. It should be noted though that a 30cm diameter sphere or cylinder is not sufficient to fit all tablet types; rather a 40cm diameter is necessary to test tablets. 
[bookmark: _Ref23790207]Observation 2: A cylindrical or spherical quiet zone size of 30cm in diameter 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 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). The last two columns outline the minimum required cylindrical quiet zone dimensions in terms of diameter and height with the laptop in the open position test condition defined in Appendix L.9.1 of [5], and illustrated in Figure 2. On the other hand, the third last column outlines the minimum required spherical quiet zone diameter to fully enclose the laptop in the open position. 
[bookmark: _Ref19708513][image: ]
[bookmark: _Ref23780195]Figure 2: Notebook positioning guideline per CTIA [5]
[bookmark: _Ref23879941]

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

	
	
	Width
	Depth
	Height
	
	Diameter
	Height

	Mobile
	Dell Latitude 7300
	30.7
	20.7
	1.8
	46.5
	41.4
	21.3

	
	Dell Latitude 7400
	32.0
	20.0
	1.5
	46.4
	41.7
	20.3

	
	HP EliteBook x360 1030 G4
	30.6
	20.4
	1.6
	46.0
	41.1
	20.8

	
	HP EliteBook x360 1040 G6
	32.1
	21.5
	1.7
	48.4
	43.2
	21.9

	
	Lenovo X1 Carbon Gen 7
	32.3
	21.7
	1.5
	48.7
	43.5
	21.9

	Medium Workstation
	HP ZBook Studio G5
	36.0
	25.4
	1.8
	55.8
	49.6
	25.6

	
	HP ZBook 15
	37.6
	26.4
	2.5
	58.5
	51.7
	27.4

	
	Lenovo P53
	37.8
	25.2
	2.5
	57.1
	50.7
	26.2

	Large Workstation
	HP Zbook 17
	41.6
	28.8
	3.3
	64.4
	56.8
	30.4

	
	Dell Precision 7740 Mobile Workstation
	41.4
	25.3
	2.7
	59.8
	53.6
	26.5



The results show that only smaller laptops fit into a 50cm cylinder or sphere and that the medium to large laptops do not fit any more. 
[bookmark: _Ref23790211][bookmark: _Hlk23789943]Observation 3: A cylindrical or spherical quiet zone size of 50cm in diameter is not sufficient for the medium to large laptop devices with WWAN connectivity. 
Instead, for larger laptops a cylindrical quiet zone of ~60cm or spherical quiet zone of ~65cm in diameter is necessary.
[bookmark: _Ref23790217]Observation 4: For larger laptops a cylindrical quiet zone of ~60cm or spherical quiet zone of ~65cm in diameter is necessary. 
Feedback from industry is requested on quiet zone sizes beyond 30cm, e.g., 40cm and 65cm, as well as QZ shapes, e.g., spherical or cylindrical, to augment the existing largest spherical quiet zone of 30cm in diameter.
[bookmark: _Ref19709280]Proposal 1: Industry to provide feedback/recommendations on quiet zone sizes and shapes to augment the existing largest spherical quiet zone of 30cm in diameter. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: While the quiet zones in the CTIA test plans have been defined as cylindrical quiet zones, the quiet zones defined for NF FR2 testing in 3GPP and CTIA have all been defined as spherical quiet zones.
Observation 2: A cylindrical or spherical quiet zone size of 30cm in diameter is not sufficient for the majority of tablet devices with WWAN connectivity
Observation 3: A cylindrical or spherical quiet zone size of 50cm in diameter is not sufficient for the medium to large laptop devices with WWAN connectivity.
Observation 4: For larger laptops a cylindrical quiet zone of ~60cm or spherical quiet zone of ~65cm in diameter is necessary.
Proposal 1: Industry to provide feedback/recommendations on quiet zone sizes and shapes to augment the existing largest spherical quiet zone of 30cm in diameter.
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FIGURE L-1 POSITION OF NOTEBOOK RELATIVE TO THE CHAMBER COORDINATES





