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Introduction
This contribution addresses the grey-box test approach [1][2] for QZs currently defined in [3][4] and for larger QZs required to test devices that cannot be tested in the largest 30cm diameter QZ.
Discussion
In the last few meetings, the topic of larger quiet zone sizes were discussed in [5][6][7][8][1][9][10][2][11][12]. 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.


In [2], only the following two proposals were endorsed
	Proposal 1: The next larger QZ shall augment/complement the existing 30cm QZ instead of replacing the 30cm QZ
Proposal 3: Adopt the vendor declaration of positioning reference point and maximum antenna panel separation (per band)


The details of the grey-box approach, the applicability, and the QZ sizes were deferred to this meeting. 


Larger QZ Sizes
Based on preliminary discussions held during the last few meetings, QZ sizes between 35cm and 40cm were discussed. Eventually, discussions in RAN5#90-e focused on the next larger 40cm QZ size beyond the existing 30cm QZ [2][11] but a final agreement could not be reached due to the lack of applicability agreements addressed in this contribution. Given the discussions held in the last meeting and the lack of objections, the 40cm QZ should still be agreeable and confirmed this meeting. While it can be assumed that the dynamic range/influence of noise MU is the same as for the 30cm QZ systems since the objective was to allow the re-use of these systems for the next larger QZ evaluation, it cannot be assumed that the overall MU for the 40cm QZ is the same as that from the 30cm QZ. As indicated in [2][11], the 40cm QZ will increase the QoQZ MU just marginally, e.g., by 0.3dB or less. 
In order to progress on the MU evaluation of systems supporting the 40cm QZ, it is important to conclude the definition of this QZ size this meeting.
[bookmark: _Ref71274318][bookmark: _Ref71044039]Proposal 1: Adopt 40cm QZ as the next larger quiet zone beyond the 30cm QZ with the assumption that the dynamic range/influence of noise MU is the same as for the 30cm QZ
Additionally, the next larger QZ was briefly discussed in RAN5#90-e [12] but it was agreed to postpone the discussions to try to progress on the 40cm QZ. Given the feedback on the next larger QZ provided from one OEM [12] and the proposal from one TE vendor based on a review of commercially available devices requiring a large QZ [8], it is proposed to consider the next larger QZ beyond 40cm (suitable for most laptop devices) to be 55cm. As discussed earlier [2], larger QZs beyond 40cm are expected to yield reduced dynamic range and higher MUs. 
	Increasing the size of the CATR reflector to support larger quiet zones would in turn require either large focal distances which yields higher free-space path losses or require antennas with wider beam widths with lower gain which yields higher overall system losses compared to existing systems supporting the 30cm QZ. 
[bookmark: _Ref52472912][bookmark: _Ref52473293]Observation 1: Increasing the quiet zones and thus CATR reflectors generally leads to higher system losses and thus reduced dynamic range and therefore higher MUs


In order to progress on the MU evaluation of systems supporting the 55cm QZ, it is important to conclude the definition of this QZ size this meeting.
[bookmark: _Ref71274320][bookmark: _Ref71044040][bookmark: _Ref71275846][bookmark: _Hlk72738439]Proposal 2: Adopt 55cm QZ as the next larger quiet zone beyond the 40cm QZ 
It should be noted that the discussions on the QoQZ reference points are in [13] which outlines that the reference point P7 does not necessarily have to be placed on the surface of the sphere for the QZ to be spherical in nature; the QoQZ procedure still allows the QoQZ evaluation of P1-P6 over the entire spherical surface. 
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 currently 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 [4]
	B.2.2.2 Quiet zone dimension 
The quiet zone shall be large enough to fully contain the DUT.


In Figure 2, the same DUT is shown with its geometric centre aligned with the centre of the 40cm 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 increased 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 when no vendor declaration is provided. 
[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.
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[bookmark: _Ref52378144]Figure 3: Grey-Box Approach for a DUT in system with a sample 40cm QZ
The sample vendor declaration for the grey-box approach is highlighted in Table 1 based on the previously endorsed parameters of the declaration, i.e., positioning reference point and maximum antenna panel separation (per band) 
[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
	Min. QZ required to contain all active antennas within the quiet zone

	n257
	
	

	n258
	
	

	…
	
	

	n261
	
	

	Note: The available QZ sizes are defined in TS 38.508-1, Clause B.2.2.2, i.e., 20cm, 30cm, 40cm, and 55cm 


[bookmark: _Hlk64955750]In Figure 4, the same device discussed in Figure 1-Figure 3 is shown with a different antenna array implementation, e.g., for a different frequency band. In this case, the antennas are separated by less than 30cm. The current QZ definition (black box) does not allow the testing of this device in a 30cm QZ since the device geometry extends beyond the 30cm diameter QZ; by allowing the grey-box approach to existing QZ sizes, a wider applicability of existing test systems can be achieved. It is therefore proposed to extend the grey-box approach to the existing QZs as well as the previously proposed 40 and 55cm QZs. 
[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. 

[bookmark: _Ref71044041]Proposal 3: Define the grey-box approach for existing 20cm and 30cm QZs as well as the 40cm and 55cm QZs, 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 if a vendor declaration is provided.
Applicability of Grey-Box Approach
Discussions were held during the last two meetings, specifically based on [10][11][2],whether a maximum device size should be specified with the next larger QZ size beyond 30cm 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 large devices and the DUT 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
One topic very little progress was made on during the last meeting was the applicability of different devices with respect to maximum antenna separation and maximum device size. One corner case is the following, illustrated in the left of Figure 5: consider a very large device with relatively small antenna separations, e.g., less than 30cm. While such device could be considered applicable to the MTSU of existing 30cm systems given the less than 30cm antenna separation distance, there might not be any commercially available systems that can support such large devices designed for existing 30cm QZs (due to interference issues of such large devices in compact OTA systems) with an assessed MU below the MTSU of the 30cm QZ. Such example device would likely have to be tested in a system designed for a much larger QZ (given the large device size) as illustrated on the right of Figure 5. As discussed earlier, systems supporting larger QZs generally yield larger MUs/MTSUs, i.e., the example device in Figure 5, even though the maximum antenna separation is less than 30cm, would have to mapped to an MTSU of systems supporting the 55cm QZ. 
[image: ]
[bookmark: _Ref71042226]Figure 5: Illustration of applicability corner case: very large DUT with small antenna separation in a system supporting a 30cm QZ (left) and in a system supporting a 55cm QZ (right).

The proposed applicability mapping between minimum QZ size, maximum device size and MTSU is outlined in Table 2. The underlying assumptions for the proposed mapping are as follows:
· The maximum device size ranges/limits follow the existing QZ sizes and the newly proposed QZ sizes (Proposal 1, Proposal 2), i.e., 20cm, 30cm, 40cm, and 55cm
· The applicable MTSU follows the max device size, e.g., a max device size of 30cm to 40cm yields an MTSU of MTSU40cm
· The applicable MTSU is the same regardless of whether a grey-box or black box approach is selected to simplify the mapping and to prevent different test requirements for the same device depending on whether black or grey box is applied
· A maximum device size exceeding 55cm but with antenna separations of ≤55cm does not have an applicable MTSU given the lack of a larger QZ; however, devices can be tested with systems that support the necessary QZ size and the >55cm device size as long as the assessed MU is equal or less than MTSU55cm
· Devices with >55cm maximum device size and with >55cm antenna separation do not have an applicable MTSU given the lack of a larger QZ.
[bookmark: _Ref71044008]

Table 2: Proposed mapping between minimum QZ size, maximum device size, and applicable MTSU
	[bookmark: _Hlk71187385]Minimum QZ required to contain all active antennas within the quiet zone(optional vendor declaration)
	Max Device Size
	Applicable MTSU
	Note

	20cm, 30cm
	≤30cm
	MTSU30cm
	A system supporting a {20cm, 30cm, 40cm, 55cm} QZ can be used as long as the assessed MU with a {20cm, 30cm, 40cm, 55cm} QoQZ validation is ≤ MTSU30cm

	20cm, 30cm
	30cm to 40cm 
	MTSU40cm
	A system supporting a {20cm, 30cm, 40cm, 55cm} QZ can be used as long as the assessed MU with a {20cm, 30cm, 40cm, 55cm} QoQZ validation is ≤ MTSU40cm

	20cm, 30cm
	40cm to 55cm
	MTSU55cm
	A system supporting a {20cm, 30cm, 40cm, 55cm} QZ can be used as long as the assessed MU with a {20cm, 30cm, 40cm, 55cm} QoQZ validation is ≤ MTSU55cm

	20cm, 30cm
	≥55cm
	
Not applicable until larger QZ is defined
	Pending larger QZ (exceeding 55cm) definition

	40cm
	≤40cm
	MTSU40cm
	A system supporting a {40cm, 55cm} QZ can be used as long as the assessed MU with a {40cm, 55cm} QoQZ validation is ≤ MTSU40cm

	40cm
	40cm to 55cm
	MTSU55cm
	A system supporting a {40cm, 55cm} QZ can be used as long as the assessed MU with a {40cm, 55cm} QoQZ validation is ≤ MTSU55cm

	40cm
	>55cm
	
Not applicable until larger QZ is defined
	Pending larger QZ (exceeding 55cm) definition

	55cm
	40cm to 55cm
	MTSU55cm
	

	55cm
	≥55cm
	
Not applicable until larger QZ is defined
	Pending larger QZ (exceeding 55cm) definition

	>55cm
	≥55cm
	Not applicable until larger QZ is defined
	Note: QZs exceeding 55cm cannot be declared due to lack of larger QZ definition


[bookmark: _Ref71044042]Sample configurations that yield various MTSUs are shown in Figure 6 for the MTSU30cm, in Figure 7 for the MTSU40cm, and in Figure 8 for the MTSU55cm. 
[image: ]
[bookmark: _Ref71207087]Figure 6: Example Configurations where MTSU30cm applies
[image: ]
[bookmark: _Ref71207088]Figure 7: Example Configurations where MTSU40cm applies
[image: ]
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[bookmark: _Ref71207090]Figure 8: Example Configurations where MTSU55cm applies

[bookmark: _Ref71275847]Proposal 5: Define the applicability mapping between minimum QZ size, maximum device size and MTSU as outlined in Table 2
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Adopt 40cm QZ as the next larger quiet zone beyond the 30cm QZ with the assumption that the dynamic range/influence of noise MU is the same as for the 30cm QZ
Proposal 2: Adopt 55cm QZ as the next larger quiet zone beyond the 40cm QZ 
Proposal 3: Define the grey-box approach for existing 20cm and 30cm QZs as well as the 40cm and 55cm QZs, 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 if a vendor declaration is provided.
Proposal 4: Do not limit the device size for the grey-box approach
Proposal 5: Define the applicability mapping between minimum QZ size, maximum device size and MTSU as outlined in Table 2
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