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Introduction
This contribution addresses the grey-box approach [1] to test devices that cannot be tested in the largest 30cm diameter QZ currently defined in [2][3].
Discussion
In the last few meetings, the topic of larger quiet zone sizes were discussed in [4][5][6][7][1][8][9]. In [1], the grey-box approach was endorsed to test devices that currently cannot be tested in the largest 30cm diameter QZ
	Proposal 1: Consider the grey-box approach, i.e., declaration of a reference point to be aligned with the centre of the quiet zone and the maximum antenna panel displacement from this reference point, for devices that do not fit into the existing 30cm quiet zones.



Based on the discussion of larger QZ sizes in RAN5#87-e [5], three action points related to quiet zones were created in RAN5#87-e. One of which was closed in RAN5#88-e, while the remaining two (AP#87e.23 and AP#87e.24) were kept open. 
	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#87e.23
	RF
	OEM vendors and Operators to provide feedback on how to handle test coverage for large devices in case 100% coverage cannot be ensured.
Any TP allowance, MU relaxations allowed for meeting the requirements
	OEMs and Operators
	R5-202082
R5-202083
R5-202084
R5-202085
R5-198262
R5-198262
R5-204191
R5-204200
	RAN5#89e
	Open

	AP#87e.24
	RF
	OEM vendors and operators to provide data on max antenna separation distances and device size for NR FR2 devices that can currently not be tested with the largest QZ size of 30cm in diameter. 
	OEMs and Operators
	R5-202082
R5-202083
R5-202084
R5-202085
R5-198262
R5-204191
R5-204200
	RAN5#89e
	Open



Especially the latter action point on the maximum antenna separation of mm-wave antennas would be important to address before finalizing the larger quiet zones. This contribution provides a way forward in absence of OEM feedback on this action point. 
Contributions from RAN5#89-e [1][8][9] focused on discussions of 35-40cm quiet zone diameters which triggered the creation of another action point
	[bookmark: _Hlk64958099]Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#89e.21
	RF
	TE vendors to provide preliminary QoQZ and XPD MU and MTSU estimates, using MOP and REFSENS as reference, for QZ sizes of 35 and 40cm (others not precluded) assessed on existing IFF test systems originally designed for 30cm QZ. 
	KS, R&S, Anritsu
	R5-205713
R5-206068
R5-206130
	RAN5#90e
	Open



Discussions during the RAN5#89-e meeting on “extend current QZ size from 30 cm to 35 cm” focused on whether the existing 30cm quiet zone should be replaced or augmented. Excerpts of email discussion are shown below
	[Keysight]: This seems to be reflected somewhat in proposals to potentially “extend” the existing 30cm QZ to 35cm. My interpretation of these proposals is to replace the black-box 30cm QZ with the grey-box 35cm QZ which has an MTSU of up to 1dB (Apple) or ≥0.6dB (R&S) higher than the existing 30cm MTSU. This would in turn wipe out the existing MTSUs and TTs for smartphones and tablets that fit into the 30cm QZ?! I don’t think this is desirable given the industry’s previous request to evolve MU (aka improve) over time?!
[Apple] Our proposal is to have minimum impact to current MTSU, if extending QZ size from 30 to 35 cm with grey-box approach wouldn't increase MTSU at all, that would be our preferable. I believe R&S shared that if QZ size increases to 35 cm, there will be 0.56dB in the MTSU for MOP. We would like to ask Keysight share similar MTSU estimation. If both TE vendors shared that MTSU will be increased less than 0.6 dB, and OEMs and Operators are ok with 0.6 dB impact for device size 30-40 cm with 35 cm QZ, that would help the industry.
…
[Keysight] We therefore suggest not to consider an extension/replacement of the existing 30cm QZ but rather a new QZ to augment/complement the 30cm QZ.
[Apple] We agree to have complement QZ based on 30 cm
[R&S] We support the idea of a “complement QZ” based on 30cm QZ systems to solve the coverage issue Apple is raising for tablet-type devices. Further work will be required for the next QZ size based on the feedback to AP#87e.24.



This agreement should be clearly captured, i.e., 

[bookmark: _Ref65061930][bookmark: _Ref65520522]Proposal 1: The next larger QZ shall augment/complement the existing 30cm QZ instead of replacing the 30cm QZ
[bookmark: _Ref65061937]Proposal 2: The next larger QZ shall be based on the grey-box approach, i.e., the geometric centre of the DUT no longer has to be aligned with the centre of QZ and the DUT no longer has to be fully enclosed by the QZ.



Grey-Box Approach
Instead of defining a quiet zone size that fully encloses the entire device, the proposed grey-box approach to reduce the sizes of applicable OTA systems is to make sure that all antenna panels integrated in the DUT are enclosed within a fixed and previously assessed quiet zone while allowing the device to extend beyond the quiet zone. 
This concept is further illustrated and explained in Figure 1-Figure 3. In Figure 1, a large DUT is shown with the geometric centre aligned with the centre of the 30cm QZ. Regardless of where the antenna(s) of the DUT are located, the fact that portions of the DUT extend beyond the 30cm QZ would prevent this DUT to be tested in a system with a 30cm QZ based on the current definition of the quiet zone, per B.2.2.2 of [3]
	B.2.2.2 Quiet zone dimension 
The quiet zone shall be large enough to fully contain the DUT.


In Figure 2, the DUT is shown with its geometric centre aligned with the centre of the QZ (black box). Clearly, for the example antenna locations and placements within the device, the black-box approach does not allow the antennas to be fully contained by this QZ size. However, for the grey-box approach illustrated in Figure 3 where a reference point on the DUT, shown schematically with the red x which was chosen to be the geometric centre of the outermost dimensions of the two antenna arrays, is aligned with the centre of the QZ, both antennas are well contained within the QZ. It should be noted that devices that can be contained completely within the sample 40cm quiet zone can continue to be tested using the black box approach and without a vendor declaration. 
[image: ]
[bookmark: _Ref52376468]Figure 1: Black-Box DUT Positioning Approach for a DUT exceeding the 30cm QZ size. Current QZ definition does not allow device geometry to extend beyond QZ.


[image: ]
[bookmark: _Ref52456259][bookmark: _Ref52456252]Figure 2: Black-Box DUT Positioning Approach for a DUT in system with a sample 40cm QZ. Current QZ definition does not allow device geometry to extend beyond QZ.
[image: ]
[bookmark: _Ref52378144]Figure 3: Grey-Box Approach for a DUT in system with a sample 40cm QZ
[image: ]
[bookmark: _Ref62835109]Figure 4: Comparison between the black-box DUT positioning approach (left) and grey-box DUT positioning approach (right). Current QZ definition does not allow device geometry to extend beyond QZ. 

This approach would not require the declaration of the exact location of each antenna, typically required for a white box test approach. Instead, the declaration of 
· a positioning reference point anywhere within the device to be aligned with the centre of the quiet zone and
· the maximum separation between active antennas panels
is sufficient for the grey-box approach. 
While the declaration of the maximum antenna panel separation is not necessarily required as long it is confirmed that the maximum separation is smaller or equal to the quiet zone diameter. However, this declaration would allow DUTs to be tested in bands 
· that have maximum separations ≤30cm with systems supporting just the 30cm QZ supporting the black-box approach
· that have maximum separations >30cm (but smaller than the larger QZ) with systems supporting just the next larger QZ with the grey-box approach
[bookmark: _Hlk64955750]This is further illustrated in Figure 4 for the same device discussed in Figure 1-Figure 3 for a different frequency band that have the antennas separated by less than 30cm. This figure outlines the positioning differences between current black box approach and the proposed grey-box approach. It should be noted that current QZ definition in [2] does not allow device geometry to extend beyond QZ; this requirement would be waived with the proposed grey-box approach. The device in this band can now be tested using the black box approach (left portion of Figure 4) with a better MU and more conventional device positioning approach or the grey-box approach (right portion of Figure 4) with the same test setup as the other band with requires the grey-box approach in Figure 3.
[bookmark: _Ref62836783]Observation 1: A declaration of a positioning reference point and the maximum antenna panel displacement from the reference point (per band) is the most flexible approach
A sample vendor declaration for the grey-box approach is highlighted in Table 1
[bookmark: _Ref62821276][bookmark: _Hlk65063806]Table 1: Sample vendor declaration for grey-box approach
	Band
	Positioning Reference Point: Offset (x/y/z) from geometric centre of DUT
	Maximum separation between active antenna panels

	n257
	
	

	n258
	
	

	…
	
	

	n261
	
	

	Note 1: Maximum separation is defined between the extreme ends of the active antenna panels.
Note 2: All active antennas shall be contained within the quiet zone. 



[bookmark: _Ref62836786]Proposal 3: Adopt the vendor declaration of positioning reference point and maximum antenna panel separation (per band)
This approach would therefore greatly increase test case coverage while preventing a significant increase in size of FR2 OTA test systems and IFF reflector sizes. 
Furthermore, discussions were held during RAN5#89-e, specifically based on [9],whether the maximum device size should be specified with the next larger QZ size utilizing the grey-box approach. We do not believe that the grey-box approach should limit the device size, i.e., as long the chamber and positioner can support very large devices and the device’s antennas fit into the quiet zone this should be permissible. One system vendor’s device size limitations should not dictate other vendors’ limitations. 
[bookmark: _Ref62836787]Proposal 4: Do not limit the device size for the grey-box approach
The applicability of the MTSU with respect to maximum antenna separation and maximum device size should be addressed at a later time, e.g., when the next larger QZ size is defined, i.e., hopefully in RAN5#91-e. 
[bookmark: _Ref65520523]Proposal 5: Defer the applicability definition of the MTSU with respect to the maximum antenna separation and maximum device size. 

Larger QZ Sizes
Based on preliminary discussions held during the last two meetings, QZ sizes between 35cm and 40cm were discussed. Given the largest existing quiet zone of 30cm, a 35cm QZ diameter would hardly be a significant improvement in size while the 40cm would allow an increase of 10cm which matches the difference of the two QZ diameters currently defined, i.e., 20cm and 30cm diameter.
[bookmark: _Ref62836784]Observation 2: A 35cm QZ diameter is a very small improvement in QZ size when compared to the 40cm QZ which complements the existing QZ sizes of 20cm and 30cm well. 
The action point AP#89e.21 was meant to determine the impact on extending the quiet zone of existing systems on the quiet zone performance, specifically QoQZ and XPD MU. 
This contribution is based on a set of abbreviated EIRP&TRP QoQZ MU campaigns with 14 measurement points (instead of 238); it was previously shown that this limited campaign approximates the QoQZ MUs well. The quiet zone size evaluated in this contribution is a 35cm and 40cm sphere (with radius R=17.5cm and 20cm in x, y, and z) and the procedure is following the procedure and requirements outlined in [3] other than the number of measurements. The measurement results are shown in Table 2 for frequencies up to 49GHz (n262). These results show that a 0.2dB increase in QoQZ MU is expected for the 40cm QZ and that the 35cm QZ will likely have the same QoQZ MU as the 30cm QZ.
[bookmark: _Ref63673486]Observation 3: A 0.2dB increase in QoQZ MU is expected for the 40cm QZ and that the 35cm QZ will likely have the same QoQZ MU as the 30cm QZ
Clearly, the results for the frequencies greater than 40GHz are better than those at 23.45 and 32.125GHz; it is expected that the low-end results will improve with a revision of the measurement probe with improved beamwidth but with no loss in dynamic range/increase in influence of noise MU. Revised results will be presented at the next RAN5 meeting. 
[bookmark: _Ref63673487]Observation 4: Even better QoQZ MUs are expected for larger QZs with a revised probe feed. 
[bookmark: _Ref63672424]Table 2: QoQZ MUs for 35cm and 40cm QZ based on abbreviated QoQZ campaign
	QZ Size
	f [GHz] → 
	23.450
	32.125
	40.800
	44.300
	49.000

	40cm
	EIRP
	0.75
	0.76
	0.25
	0.36
	0.16

	
	TRP
	0.52
	0.73
	0.18
	0.25
	0.21

	35cm
	EIRP
	0.57
	0.49
	0.32
	0.58
	0.47

	
	TRP
	0.39
	0.59
	0.13
	0.26
	0.19



It is proposed to adopt the spherical 40cm QZ with the assumption that the dynamic range/influence of noise MU is the same as for the 30cm QZ and just a very small QoQZ MU increase of less of equal than 0.2dB. A maximum increase of 0.2dB in QoQZ MU would correspond to an increase of MOP and REFSENS Maximum Test System Uncertainty (MTSU) of 0.12dB. 
[bookmark: _Ref63673488]Proposal 6: Adopt the spherical 40cm QZ as the next larger quiet zone with the assumption that the dynamic range/influence of noise MU is the same as for the 30cm QZ. 
QoQZ Reference Points
In order to support the current concept of QoQZ reference points placed on the surface of the spherical QZ, it is proposed to define the QoQZ reference points as tabulated in Table 3 (assuming a 40cm diameter spherical QZ). 
[bookmark: _Ref65518814][bookmark: _Ref65518806]Table 3: QoQZ Reference Points for 40cm QZ
	
	Coordinates with P2-P7 on spherical surface [cm]

	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	20
	0
	0

	P3
	-20
	0
	0

	P4
	0
	20
	0

	P5
	0
	-20
	0

	P6
	0
	0
	20

	P7
	0
	0
	-20



[bookmark: _Hlk65519401][bookmark: _Hlk65519457]An alternate approach to define the reference points is tabulated in Table 4. Since existing systems supporting the 30cm QZ might have some mechanical limitations to support the 20cm radius at P7, i.e., the reference point along z towards the positioner, it is understandable that some system vendors with might want to reduce the radius from 20cm. On the other hand, some design changes should be expected/tolerated to make existing systems designed for 30cm QZ work for a 40cm QZ. A 15cm radius at P7 would effectively not require any mechanical changes at all since the (0,0,-15cm) reference point is already supported by the exiting systems supporting the 30cm QZ. It should furthermore be highlighted that a 15cm radius corresponds to just 75% of the 20cm QZ radius, i.e., a pretty significant discrepancy in QoQZ validation radius. An increase of the P7 reference point radius to 17.5cm would lead to much smaller discrepancies of the QoQZ results as this radius corresponds to 87.5% of the 20cm QZ radius; additionally, vendors should be able to support this slight increase with just small positioner changes. 
The reference point P6 is away from the positioner/towards the reflector and there are no mechanical concerns to limit the radius of P6. We therefore propose to define P6 to be at (0,0,20cm) as shown in Table 4.
[bookmark: _Ref65519004]Table 4: Alternate QoQZ Reference Points for 40cm QZ
	
	Coordinates with P2-P7 on a “capped spherical” surface [cm]

	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	20
	0
	0

	P3
	-20
	0
	0

	P4
	0
	20
	0

	P5
	0
	-20
	0

	P6
	0
	0
	20

	P7
	0
	0
	-17.5


This proposal would ensure that 5 out of 7 reference points are placed on the 40cm spherical surface while 1 out of 7 reference points is on a 35cm spherical surface. 
As captured in the Action Point AP#89e.21, the MTSU for the 40cm QZ shall be based on evaluations of existing IFF test systems originally designed for 30cm QZ. 
[bookmark: _Hlk65136051][bookmark: _Hlk65163380]Proposal 7: The MTSU for the 40cm QZ following the grey-box approach shall be based on evaluations of existing IFF test systems originally designed for 30cm QZ based on the reference points defined either in Table 3 or Table 4.
It is furthermore proposed to create another Action Point to TE vendors for the next meeting with the following action: “TE Vendors to provide QoQZ and XPD MU and MTSU estimates, using MOP and REFSENS as reference, for 40 QZ size assessed on existing IFF test systems originally designed for 30cm QZ”
[bookmark: _Ref65163726]Proposal 8: Create another Action Point to TE vendors with a RAN5#91e deadline and the following action: “TE Vendors to provide QoQZ and XPD MU and MTSU estimates, using MOP and REFSENS as reference, for 40 QZ size assessed on existing IFF test systems originally designed for 30cm QZ”
In case PC3 and PC1 devices get introduced with antenna separation distances that exceed the largest quiet zone, 100% test coverage could be guaranteed various ways:
· Introduction of white box testing, i.e., declaration of exact antenna locations and the applicability of active antenna panels, which would allow active antenna arrays to be placed within the largest quiet zone
· Definition of larger quiet zone
· Definition of non-spherical quiet zone, e.g., cylindrical with device positioning declaration that would guarantee the active antenna panels are always enclosed.
As a last resort, waiving of conformance testing should be considered for PC3 and PC1 devices with antenna separations (grey box) larger than a specific quiet zone/antenna separation. 


Conclusion
The following observations and proposals were made in this contribution
Observation 1: A declaration of a positioning reference point and the maximum antenna panel displacement from the reference point (per band) is the most flexible approach
Observation 2: A 35cm QZ diameter is a very small improvement in QZ size when compared to the 40cm QZ which complements the existing QZ sizes of 20cm and 30cm well.
Observation 3: A 0.2dB increase in QoQZ MU is expected for the 40cm QZ and that the 35cm QZ will likely have the same QoQZ MU as the 30cm QZ
Observation 4: Even better QoQZ MUs are expected for larger QZs with a revised probe feed.
Proposal 1: The next larger QZ shall augment/complement the existing 30cm QZ instead of replacing the 30cm QZ
Proposal 2: The next larger QZ shall be based on the grey-box approach, i.e., the geometric centre of the DUT no longer has to be aligned with the centre of QZ and the DUT no longer has to be fully enclosed by the QZ.
Proposal 3: Adopt the vendor declaration of positioning reference point and maximum antenna panel separation (per band)
Proposal 4: Do not limit the device size for the grey-box approach
Proposal 5: Defer the applicability definition of the MTSU with respect to the maximum antenna separation and maximum device size.
Proposal 6: Adopt the spherical 40cm QZ as the next larger quiet zone with the assumption that the dynamic range/influence of noise MU is the same as for the 30cm QZ.
Proposal 7: The MTSU for the 40cm QZ following the grey-box approach shall be based on evaluations of existing IFF test systems originally designed for 30cm QZ based on the reference points defined either in Table 3 or Table 4.
Proposal 8: Create another Action Point to TE vendors with a RAN5#91e deadline and the following action: “TE Vendors to provide QoQZ and XPD MU and MTSU estimates, using MOP and REFSENS as reference, for 40 QZ size assessed on existing IFF test systems originally designed for 30cm QZ”
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