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Introduction
This contribution addresses an approach to test devices that cannot be tested in the largest 30cm diameter QZ currently defined in [1][2]. 
Discussion
In the last few meetings, the topic of larger quiet zone sizes were discussed in [3][4][5][6]. All contributions investigated quiet zone sizes required for various UE types including power classes, e.g., tablets, laptops, CPEs, etc, and highlighted that the current 30cm spherical quiet zone is not sufficient to test larger devices, e.g., tablets and laptops. It was furthermore pointed out that larger quiet zone sizes previously defined in legacy OTA test plans, e.g., 50cm diameter, are not sufficient to provide good test case coverage. For instance, in [4] it was observed that based on the data set studied, almost 20% of devices could not fit into a 50cm QZ while in [6] it was observed that almost 15% of devices could not fit into a 55cm QZ.
Observation 2 (from [6]): ~85% of the devices in the available dataset are covered with a 55cm QZ.
The main concern with defining fixed quiet zone sizes is that the number of quiet zone sizes could increase over time which would continuously increase the number of test system configurations, quiet zone validations, etc. Unfortunately, it is impossible to estimate the largest device size for PC3 and PC1 devices, current focus within RAN5, that will be deployed in the foreseeable future which makes it almost impossible to determine the largest quiet zone that will guarantee a 100% coverage. 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 the last meeting, it was agreed to strive for 100% test coverage for (all) devices and consider alternate approaches than selecting fixed quiet zone sizes [5]. Alternate approaches that would allow DUTs to be tested without an increase in system/path losses would be more suitable in terms of measurement uncertainties, dynamic ranges, and number of test system configurations. 
Based on the discussion of larger QZ sizes in RAN5#87-e [4], 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. However, it seems unlikely that OEMs will pro-actively address this action point and provide information on their roadmaps and/or antenna architecture decisions. This contribution intends to introduce a suitable quiet zone concept that allows most PC1 and PC3 devices to be tested that do not fit into the existing 30cm quiet zone. Further adjustments could be made based on OEMs input. 
[bookmark: _Ref52472913]Observation 2: This contribution intends to address the quiet zone concept for devices that cannot fit into the existing 30cm quiet zone in the absence of OEM feedback on the maximum antenna separation. 
Instead of defining a quiet zone size that fully encloses the entire device, the proposed 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 approach would not require the declaration of the exact location of each antenna, typically required for a white box test approach. Instead, a reference point of the device to be aligned with the centre of the quiet zone and the maximum antenna panel displacement from the reference point is sufficient (grey box). This approach would greatly increase test case coverage while preventing a significant increase in size of FR2 OTA test systems and IFF reflector sizes. 
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 in a system with a 30cm QZ based on the current definition of the quiet zone, per B.2.2.2 of [1]
	B.2.2.2 Quiet zone dimension 
The quiet zone shall be large enough to fully contain the DUT.


For the proposed concept in this contribution, a system with a 40cm QZ would be used for larger device like the one used in the example figures. 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 40cm quiet zone can continue to be tested using the black box approach and without a vendor declaration. 
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[bookmark: _Ref52376468]Figure 1: Black-Box Approach for a DUT exceeding the 30cm QZ size
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[bookmark: _Ref52456259][bookmark: _Ref52456252]Figure 2: Black-Box Approach for a DUT in system with 40cm QZ
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[bookmark: _Ref52378144]Figure 3: Grey-Box Approach for a DUT in system with 40cm QZ

[bookmark: _Ref52472914][bookmark: _Ref46927696]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. 
It seems unlikely that OEMs will separate antenna panels by distances close to the maximum diameter for large devices, due the large cable/insertion losses large antenna separations would yield. Based on preliminary discussions held during RAN5#88-e, it is proposed to define the grey-box with a 40cm diameter spherical quiet zone. 
[bookmark: _Ref46927698][bookmark: _Ref48732710][bookmark: _Ref52472915]Proposal 2: Pending approval from OEMs, define the next larger quiet zone for PC1 and PC3 devices that cannot be contained within a 30cm QZ to be 40cm based on the grey-box approach
[bookmark: _GoBack]Based on a preliminary QoQZ MU investigation of existing systems supporting the 30cm QZ, for an extended QZ size of 40cm in diameter the increase in QoQZ MU is ~0.1-0.2dB max without an increase of any other MUs or degradation of dynamic range. 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. 
Observation 3: Existing 30cm QZ systems can be extended to support a 40cm QZ with a max increase of the QoQZ MU of 0.2dB without an increase of any other MUs or degradation of dynamic range.
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 the a specific quiet zone/antenna separation. 
Conclusion
The following observations and proposals were made in this contribution
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
Observation 2: This contribution intends to address the quiet zone concept for devices that cannot fit into the existing 30cm quiet zone in the absence of OEM feedback on the maximum antenna separation.
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.
Proposal 2: Pending approval from OEMs, define the next larger quiet zone for PC1 and PC3 devices that cannot be contained within a 30cm QZ to be 40cm based on the grey-box approach
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