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Introduction
Following the discussion in previous meetings regarding QZ sizes larger than 30cm in diameter, we present here our views on the next steps.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Summary of discussion during past meetings
There has been extensive discussion over past several meetings about the definition of a new QZ size larger than current 30cm in diameter. DUT size market survey, analysis and proposals from previous meetings in [1], [2] and [3] are still valid but the progress to define a large QZ size is on-hold until feedback for the following AP [4] is provided:
	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





Besides those AP, there was an extensive email discussion during past two meetings where additional options were presented, summarized in the following table:
	Option
	DUT size / Antenna separation
	MU
	Comments / Alternate approaches

	#1
	DUT size ≤ 30cm
	Current MU
	-

	#2
	DUT size >30cm
FR2 antenna separation ≤ 30cm
	Current MU
	Grey-box

	#3
	DUT size > 30cm
FR2 antenna separation > 30cm
	MU to be studied
	New QZ size
Alternate approaches to be studied to maximize coverage

	#4
	30cm < DUT size ≤ [35-40 cm]
30cm < FR2 antenna separation < [30-35 cm] 
	Current MU + relaxation

	QZ extended for current chambers
Grey-box



Option #1 is actually current state where devices shall be fully contained within the defined 30cm maximum QZ diameter. 
Option #2 was endorsed during RAN5#89e and further discussion on precise wording is expected during RAN5#90e, but we present further considerations in this contribution in section 4.
Option #3 has been proposed for the past few meetings in [2] and [3]. Based on the available market survey, a new QZ size is required to test large devices (e.g. laptops). Based on the same analysis, it was proposed in [2] to select 55cm as the QZ size to test devices larger than current QZ limited to 30cm.
Observation 1: irrespective of potential improvements to current QZ size (i.e. 30cm), a new QZ size is required in all cases to test large devices (e.g. laptops).
Option #4 requires current test systems, designed under the assumption of a maximum QZ diameter of 30cm, to be extended beyond that. This would become a completely new requirement and therefore current chambers/test systems cannot ensure the same performance as for QZ = 30cm. This option was broadly discussed during last meeting and an AP [4] was defined:
	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



Based on this request, we present further details on expected performance and the corresponding increase to the MU and MTSU.
MU impact on extending current test systems beyond 30cm
In the course of discussions during past two meetings, the idea of extending QZ size of current available systems to a QZ size in the range of ~ 35 to 40cm (described as option #4 above) was presented. This extension, in combination with the grey-box approach, would help increase the device coverage for current systems designed under the assumption of a 30cm QZ although it has a major impact on the chamber OTA performance.
Assuming that a particular test chamber, and the corresponding positioning system inside it, is capable of testing devices larger than 30cm in diameter, there is an obvious impact on the Measurement Uncertainty due to the degradation of the amplitude taper and ripple for the extended region beyond 30cm. This MU degradation, which will turn into MU increase, will affect at least the following contributors:
1. Quality of the Quiet Zone
2. Influence of the XPD 
3. Positioning misalignment
4. DUT repositioning
While 1 and 2 are due to the physics of the IFF methodology (i.e. Compact Antenna Test Range), 3 and 4 are related to the concrete definition of the grey-box approach and therefore not discussed further in this contribution.
Observation 2: the QZ extension of current test systems beyond 30cm will impact MU.
[bookmark: _Hlk63071377]Compared to the analysis reported in [1], further improvement is possible to the same test system so a 40cm QZ can be reached with a maximum Quality of Quiet Zone uncertainty contribution in Stage 2: DUT measurement of 0.9dB (i.e. 0.3dB increase from 0.6dB). The QoQZ performance due to the increased QZ size has been studied so far up to 40.8GHz, but a similar degradation can be expected for 44.3GHz.
Observation 3: the QZ extension of current test systems from 30cm to 40cm will require an increase of the Quiet Zone uncertainty contribution by 0.3dB.
In the case of Influence of the XPD, there are also effects of reaching the physical limits for IFF methodology (i.e. Compact Antenna Test Range). Based on the preliminary evaluation, the worst case XPD is degraded by ~3dB when extending from 30cm to 40cm QZ. This corresponds to an increase of the Influence of the XPD uncertainty contribution in Stage 2: DUT measurement from 0.01dB to 0.02dB.
Observation 4: the QZ extension of current test systems from 30cm to 40cm will require an increase of the Influence of the XPD uncertainty contribution by 0.01dB.
Looking at the impact on the overall MU, and taking MOP and REFSENS as example, these relaxations are reflected by an increase of 0.20dB, 0.19dB and 0.18dB in the Expanded Uncertainty for EIRP, TRP and EIS respectively. 
Observation 5: the QZ extension of current test systems from 30cm to 40cm will require an increase of 0.20dB, 0.19dB and 0.18dB in the Expanded Uncertainty for EIRP, TRP and EIS respectively.
Proposal 1: define an extended QZ size for devices with max antenna separation distance between 30 and 40cm diameter.
Proposal 2: define Quality of Quiet Zone uncertainty contribution = 0.9 dB for devices with max antenna separation distance between 30 and 40cm diameter.
Proposal 3: define Influence of the XPD uncertainty contribution = 0.02 dB for devices with max antenna separation distance between 30 and 40cm diameter.
HW impact on extending current test systems beyond 30cm and application of “grey-box approach”
Although the size of the QZ can be increased from a CATR methodology point of view with a limited impact on MU as shown in previous section, current available chambers have been designed to host devices up to 30cm diameter and thus the DUT positioner might have mechanical limitations to enable a 40cm diameter spherical test volume. In addition, the agreement reached last meeting to define the “grey-box approach” also introduce some complexities that may end up requiring a full re-design of the OTA chamber if not handled properly, what is against the original request to reuse existing 30cm QZ test systems.
Observation 6: the increase in QZ size and the definition of the “grey-box approach” may require a full re-design of the OTA chamber if not handled properly.
As described in previous contributions [2], defining the maximum DUT volume as a cylinder bring many advantages and can easily resolve all the highlighted concerns. The following figures show examples of how grey box approach is to be implemented using a ~42cm diameter tablet as example UE.
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Figure 4-1: Grey-box approach with a 30cm QZ: a) and b) Spherical QZ containing UE antennas (in red) with separation ~30cm, c) and d) overlap between both sphere and cylinder
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Figure 4-2: Grey-box approach with extended 40cm QZ: a) and b) Spherical QZ containing UE antennas (in green) with separation ~40cm, c) and d) overlap between both sphere and cylinder

In order to reuse existing 30cm QZ test systems, and considering different HW requirements for the worst case (i.e. QZ extended to 40cm + “grey-box approach”), the following conditions shall be defined to clarify the applicability of the extended QZ size defined in Proposal 1:
· Maximum antenna separation distance shall be ≤ 40cm.
· DUT shall be fully contained in cylindrical volume with 45cm radius and 30cm height centered at coordinate system axis.
Similar clarification is also required for the case where “grey-box approach” is used with a 30cm QZ.
Proposal 4: in the case that “grey-box approach” is used, the maximum antenna separation distance shall be below the test system QZ diameter (e.g.: 30cm or 40cm) while the DUT shall be fully contained in cylindrical volume with 45cm radius and 30cm height.
QoQZ procedure impact on extending current test systems beyond 30cm
Following the same rationale as in previous section, QoQZ reference positions shall be adapted accordingly for the extended QZ and considering the definition of the maximum DUT volume as a cylinder:
Table 4-1: Reference AUT Measurement Coordinates for extended QZ
	
	Coordinates [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
	15

	P7
	0
	0
	-15



Proposal 5: QoQZ reference positions shall be adapted for the extended QZ as presented in Table 4-1.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution, the following observations and proposals were made:
Observation 1: irrespective of potential improvements to current QZ size (i.e. 30cm), a new QZ size is required in all cases to test large devices (e.g. laptops).
Observation 2: the QZ extension of current test systems beyond 30cm will impact MU.
Observation 3: the QZ extension of current test systems from 30cm to 40cm will require an increase of the Quiet Zone uncertainty contribution by 0.3dB.
Observation 4: the QZ extension of current test systems from 30cm to 40cm will require an increase of the Influence of the XPD uncertainty contribution by 0.01dB.
Observation 5: the QZ extension of current test systems from 30cm to 40cm will require an increase of 0.20dB, 0.19dB and 0.18dB in the Expanded Uncertainty for EIRP, TRP and EIS respectively.
Observation 6: the increase in QZ size and the definition of the “grey-box approach” may require a full re-design of the OTA chamber if not handled properly.

Proposal 1: define an extended QZ size for devices with max antenna separation distance between 30 and 40cm diameter.
Proposal 2: define Quality of Quiet Zone uncertainty contribution = 0.9 dB for devices with max antenna separation distance between 30 and 40cm diameter.
Proposal 3: define Influence of the XPD uncertainty contribution = 0.02 dB for devices with max antenna separation distance between 30 and 40cm diameter.
Proposal 4: in the case that “grey-box approach” is used, the maximum antenna separation distance shall be below the test system QZ diameter (e.g.: 30cm or 40cm) while the DUT shall be fully contained in cylindrical volume with 45cm radius and 30cm height.
Proposal 5: QoQZ reference positions shall be adapted for the extended QZ as presented in Table 4-1.
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