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[bookmark: _Ref71296739]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 [3] and [4] are still valid but the progress to define a large QZ size is on-hold until further feedback for the following AP [5] is provided:
[bookmark: _Ref71297540]Table 2‑1: Open action item related to the size of Quiet Zone above 30cm.
	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	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
R5-205713
R5-206068
R5-210617
	RAN5#91e
	Open



Preliminary feedback was provided in [6] showing that a 55cm QZ would be enough to cover FR2 devices with antenna separation larger than 30-40cm, what correlates to the proposal done in [3].


Following the extensive email discussion during past meetings, Table 2‑2 presents a summary of the different options discussed so far:
[bookmark: _Ref70419427]Table 2‑2: Summary of options to extend QZ size beyond 30cm
	Option
	DUT size
	Antenna separation
	QZ size
	Comments / Alternate approaches
	MTSU

	#1
	≤ 30cm
	≤ 30cm
	30cm
	-
	MTSU30cm

	#2
	30cm < DUT size ≤ ?
	≤ 30cm
	30cm
	Grey-box
	MTSU30cm

	#3
	30cm < DUT size ≤ ?

	30cm < antenna separation ≤ [40] cm
	[40]cm
	QZ extended for current chambers
Grey-box
	MTSU[40]cm  = MTSU30cm + relaxation on QoQZ and XPD


	#4
	? < DUT size ≤ ?

	[40]cm < FR2 antenna separation ≤ [55]cm
	[55]cm
	New QZ size
Grey-box
Other alternate approaches.
	MTSU[55]cm FFS



Option #1 is actually current state where devices shall be fully contained within the defined 30cm maximum QZ diameter. 
Option #2 is basically the enablement of Grey-box approach that was endorsed during RAN5#89e and further discussion on precise wording took place last meeting. Additional considerations are presented in section 3 in this contribution. 
Option #3 was discussed extensively during last meeting under the assumption that current test systems, designed initially for maximum QZ diameter of 30cm, are extended beyond that. Additional considerations are presented in section 4 in this contribution.
Option #4 has been discussed in previous meetings based on [3], [4] and [6]. Based on the available market survey, a new QZ size is required in all cases to test large devices (e.g. laptops). Based on the same analysis, it was proposed in [3] to select 55cm as the QZ size to test devices larger than current QZ limited to 30cm.
[bookmark: _Toc70514559][bookmark: _Toc70514608][bookmark: _Toc70514632][bookmark: _Toc71284587][bookmark: _Toc71284671][bookmark: _Toc71289042][bookmark: _Toc71295958][bookmark: _Toc71298595][bookmark: _Toc71299064][bookmark: _Toc71355542][bookmark: _Toc71356403]Observation 1: irrespective of potential improvements to current QZ size (i.e. 30cm) following Options #2 and #3, a new QZ size is required in all cases to test large devices (e.g. laptops).



[bookmark: _Ref71355555]Grey-box approach
Besides the applicability considerations further described in section 5, the following items are required to ensure a proper definition of the grey-box approach:
Must be applicable for all QZ sizes.
Grey-box approach must be defined under TS 38.521-2 [7], Annex N, to complement the definition of DUT coordinate system, alignment options and positioning guidelines.
It must be based on a vendor declaration of:
· Reference point, being the middle point between all active antennas.
· Maximum separation of the active antennas with respect to the reference point. 
In order to provide the maximum flexibility for chamber fixturing, the alignment of the declared reference point to the chamber’s coordinate system axes should be left flexible in case maximum separation between antennas is smaller than the QZ size.
[bookmark: _Ref71296876]Extended QZ size
In the course of discussions during past two meetings, the idea of extending QZ size of currently available systems to a QZ size in the range of ~ 35 to 40cm (described as option #3 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 design and performance.
According to the preliminary data presented in [1], the extension of the QZ for current systems from 30 to 40cm QoQZ drives to an increase of the QoQZ MU by 0.3dB and Influence of XPD by 0.01dB.
[bookmark: _Toc70514560][bookmark: _Toc70514609][bookmark: _Toc70514633][bookmark: _Toc71284588][bookmark: _Toc71284672][bookmark: _Toc71289043][bookmark: _Toc71295959][bookmark: _Toc71298596][bookmark: _Toc71299065][bookmark: _Toc71355543][bookmark: _Toc71356404]Observation 2: the QZ extension of current test systems beyond 30cm will impact MU.
[bookmark: _Toc70514561][bookmark: _Toc70514610][bookmark: _Toc70514634][bookmark: _Toc71284589][bookmark: _Toc71284673][bookmark: _Toc71289044][bookmark: _Toc71295960][bookmark: _Toc71298597][bookmark: _Toc71299066][bookmark: _Toc71355544][bookmark: _Toc71356405]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.
[bookmark: _Toc70514562][bookmark: _Toc70514611][bookmark: _Toc70514635][bookmark: _Toc71284590][bookmark: _Toc71284674][bookmark: _Toc71289045][bookmark: _Toc71295961][bookmark: _Toc71298598][bookmark: _Toc71299067][bookmark: _Toc71355545][bookmark: _Toc71356406]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.
[bookmark: _Toc70514563][bookmark: _Toc70514612][bookmark: _Toc70514636][bookmark: _Toc71284591][bookmark: _Toc71284675][bookmark: _Toc71289046][bookmark: _Toc71295962][bookmark: _Toc71298599][bookmark: _Toc71299068][bookmark: _Toc71355546][bookmark: _Toc71356407]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.
Despite the intensive discussions, it was not confirmed whether this trade-off between MU increase and extension of the QZ to 40cm is acceptable.
[bookmark: _Toc71284697][bookmark: _Toc71289050][bookmark: _Toc71295966][bookmark: _Toc71297601][bookmark: _Toc71299073][bookmark: _Toc71299175][bookmark: _Toc71355551][bookmark: _Toc71356412]Proposal 1: OEMs and Operators to confirm if the increase of 0.20dB, 0.19dB and 0.18dB in the Expanded Uncertainty for EIRP, TRP and EIS respectively is acceptable for the QZ extension to 40cm.
Even though the selection of 40cm as extended quiet zone size seems stable among TE vendors, there are major implications of how the applicability and the effective requirements to the chamber are defined, what determines the actual mechanical changes to the chamber. A holistic approach is required to ensure all conditions are properly defined. This is further developed in sections 5 and 0 of this contribution.
[bookmark: _Ref71297006]QZ and DUT size applicability 
Current TS 38.521-2 [7] ties the maximum DUT size to the QZ size, being 30cm the largest QZ currently available:
[bookmark: _Toc21026932][bookmark: _Toc27744230][bookmark: _Toc36197401][bookmark: _Toc36198095]O.2.4	Size of the quiet zone
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=10cm. For larger smartphones and tablet type devices, the quiet zone shall be considered a sphere with radius of R=15cm. Alternate quiet zone sizes can be defined for even larger DUTs.
The quality of quiet zone procedure for systems supporting larger quiet zone sizes can be performed for the largest quiet zone radius only and the results can be applied to the smaller quiet zone radius. Performing separate sets of quality of quiet zone measurements for different radii is not precluded.

This definition, together with the UE coordinate system defined in Annex N, implicitly defines “black-box approach” concept and therefore the applicability in terms of DUT size. Thus, the introduction of grey-box approach and the definition of additional QZ size(s) requires a clear definition of the applicability in terms of antenna separation and device size.
Given the advantages of grey-box approach as shown above, it seems pretty obvious that the applicability criteria must start from the Maximum Antenna separation but, as discussed during last meeting, leaving the maximum DUT size open to the chamber specifications declared by TE vendors will drive into certification applicability gaps. E.g.: a large laptop with maximum antenna separation ~40cm but full diameter ~60cm requires the test system to enable a ~65cm free volume diameter, what seems unrealistic for a system originally designed for 30cm QZ. Therefore, setting a maximum DUT size for grey-box approach for each of the QZ sizes is a must in order to ensure 100% clear applicability criteria.
[bookmark: _Toc71284592][bookmark: _Toc71284676][bookmark: _Toc71289047][bookmark: _Toc71295963][bookmark: _Toc71298600][bookmark: _Toc71299069][bookmark: _Toc71355547][bookmark: _Toc71356408]Observation 6: unclear definition of maximum DUT size per QZ size under grey-box approach will drive into certification applicability gaps.
This is needed not only from the test system point of view, but also has a major implication of what test requirements have to be used for a certain device size. As captured in TS 38.521-2, test requirements are related to the MTSU per QZ size by means of the test tolerance, and therefore any difference on the applicable MTSU may affect the DUT compliance with respect to test requirements:
[bookmark: _Toc21026833][bookmark: _Toc27744131][bookmark: _Toc36197302][bookmark: _Toc36197994]F.3.2	Measurement of transmitter
Editor’s note: This clause is incomplete. The following aspects are either missing or not yet determined:
· Influence of noise is subtracted from MTSU before calculating the TT for lower limit Tx test cases.
Table F.3.2-1: Derivation of Test Requirements (Transmitter tests)
Sub clause
Test Tolerance (TT)
Formula for test requirement
6.2.1.1 UE maximum output power (EIRP)
PC3
Minimum peak EIRP
IFF (Quiet Zone size ≤ 30 cm)
2.87 dB (FR2a)
2.87 dB (FR2b)

Max EIRP
0 dB
Minimum peak EIRP
TT = 0.60 x (MTSUIFF - 0.1) (FR2a)
TT = 0.60 x (MTSUIFF - 0.3) (FR2b)
6.2.1.1 UE maximum output power (TRP)
PC3
Max TRP
IFF (Quiet Zone size ≤ 30 cm)
2.65 dB (FR2a)
2.77 dB (FR2b)
Max TRP
TT = 0.60 x MTSUIFF
6.2.1.2 UE maximum output power (Spherical coverage)
PC1
TBD

PC2
TBD

PC3
IFF (Quiet Zone size ≤ 30 cm)
2.58 dB (FR2a)
2.58 dB (FR2b)

PC4
TBD
PC3
TT = 0.60 x (MTSUIFF - 0.3) (FR2a)
TT = 0.60 x (MTSUIFF - 0.9) (FR2b)


F.3.3 Measurement of receiver
Table F.3.3-1: Derivation of Test Requirements (Receiver tests)
Sub clause
Test Tolerance (TT)
Formula for test requirement
7.3.2 Reference sensitivity power level
PC3
IFF (Quiet Zone size ≤ 30 cm, FR2a, FR2b)
2.34 dB
TT = 0.45 x MTSUIFF


[bookmark: _Toc71284593][bookmark: _Toc71284677][bookmark: _Toc71289048][bookmark: _Toc71295964][bookmark: _Toc71298601][bookmark: _Toc71299070][bookmark: _Toc71355548][bookmark: _Toc71356409]Observation 7: unclear definition of maximum DUT size per QZ size under grey-box approach will drive into inconsistencies on the application of test requirements.
Therefore, it is obvious that a definition of the maximum DUT size per QZ under grey-box approach is required. As discussed in previous meetings and shown in [3], a cylindrical DUT loading is the most practical approach from chamber implementation point of view but also provides the widest coverage for typical devices (i.e. tablets, laptops, FWA).
The following figures show an example of the minimum spherical volume (in blue) required to fit a laptop compared to a cylindrical definition (in orange).
[image: ]		[image: ]
Figure 5‑1: Spherical definition of maximum device size

[image: ]	 [image: ]
Figure 5‑2: Cylindrical definition of maximum device size

[image: ]	[image: ]
Figure 5‑3: Comparison between spherical (blue) and cylindrical (orange) definition of maximum device size
[bookmark: _Toc71284594][bookmark: _Toc71284678][bookmark: _Toc71289049][bookmark: _Toc71295965][bookmark: _Toc71298602]
[bookmark: _Toc71299071][bookmark: _Toc71355549][bookmark: _Toc71356410]Observation 8: a cylindrical definition of the maximum device size maximizes coverage in terms of DUT size.
Looking at the dataset in [3], a cylinder of 45cm diameter and 35cm height is the best suited to cover devices larger than 30cm when considering the extension of current chambers. Taking a look to each of the device types in the dataset:
Tablets (13 larger than 30cm diameter): all of them has the largest dimension < 30cm, so all alignment options in TS 38.521-2 [7], Tables N.2-1 to N.2-3 could be implemented with a cylindrical DUT size with maximum height = 30cm.
Laptops (29 larger than 30cm diameter): considering the single alignment option in TS 38.521-2, Table N.2-4 [7] which requires the screen open at 110º from the base, all laptops will be covered by a 30cm height cylinder. Looking at the cylinder diameter, ~60% of them are smaller than 45cm diameter cylinder. 
CPE and routers (23 larger than 30cm diameter): the largest dimension for 21 out of 23 is smaller than 35cm, and the cylinder diameter in case of FWA Alignment options 1 and 4 in TS 38.521-2, Tables N.2-5 and N.2-6 [7] is smaller than 45cm for 20 out of 23.
Considering the combination of all three form factors, a cylindrical maximum DUT size of 45cm diameter and 35cm height will cover ~77% of devices.
The other option discussed in previous meetings proposed a spherical maximum DUT size, similar to current requirement in TS 38.521-2 [7], of 45cm. This will drastically reduce the ratio to ~41%.
[bookmark: _Toc71284698][bookmark: _Toc71289051][bookmark: _Toc71295967][bookmark: _Toc71297602][bookmark: _Toc71299074][bookmark: _Toc71299176][bookmark: _Toc71355552][bookmark: _Toc71356413]Proposal 2: for QZ size ≤ [40cm] and in case grey-box approach is applied, define a cylindrical maximum DUT size of 45cm diameter and 35cm height.
Based on this approach, the following table summarizes a proposal for the applicability selection per device size and QZ size:
[bookmark: _Ref71297552]Table 5‑1: Summary of MTSU applicability with cylindrical definition of the maximum device size.
	DUT size
	Antenna separation
	QZ size
	MTSU

	≤ 30cm
	≤ 30cm
	30cm
	MTSU30cm

	30cm < DUT size ≤ {45cm diameter, 35cm height}
	≤ 30cm
	30cm
	MTSU30cm

	30cm < DUT size ≤ {45cm diameter, 35cm height}

	30cm < antenna separation ≤ [40] cm
	[40]cm
	MTSU[40]cm 


	{45cm diameter, 35cm height} < DUT size ≤ ?
	FR2 antenna separation ≤ [55]cm
	[55]cm
	MTSU[55]cm


[bookmark: _Ref71297008]
[bookmark: _Toc71297603][bookmark: _Toc71299075][bookmark: _Toc71299177][bookmark: _Toc71355553][bookmark: _Toc71356414]Proposal 3: adopt Table 5‑1 as the baseline for device applicability based on maximum antenna separation and maximum DUT size.

QoQZ assessment procedure 
Following the maximum DUT size considerations presented in section 5, the QoQZ procedure must be adapted to reflect the actual maximum volume a DUT may occupy, and thus the radiating elements. As presented in [1], extending current procedure in TS 38.521-2 [7], Annex O to the extended QZ size of [40] cm diameter imposes major changes to existing chambers and will not assess the actual volume where the DUT radiating elements will be placed at.
Following figures show the effective reference positions required out of the combination of a 40cm QZ with the with cylindrical definition of the maximum device size with 45cm diameter and 35cm height.
[image: ]		[image: ]
Figure 6‑1: Superposition of 40cm sphere (QZ) with a 45cm diameter / 35cm height cylinder (max DUT size) 
[image: ] 	[image: ]
Figure 6‑2: Resulting volume where effective radiating elements can be placed and corresponding P1 to P7 QoQZ reference positions
Although the cylindrical definition of the maximum device size with 45cm diameter and 35cm height seems like an optimal choice, test system vendors may propose different chamber implementations that end up with different specification for the maximum devices size. This flexibility can be implemented by the QoQZ reference positions defined as shown in Table 6‑1, where R is the QZ radius and H is the maximum DUT height defined in the chamber specification:
[bookmark: _Ref71289024][bookmark: _Ref71299110]Table 6‑1: Reference AUT Measurement Coordinates
	
	Coordinates [cm]

	Position
	x
	y
	Z

	P1
	0
	0
	0

	P2
	R
	0
	0

	P3
	-R
	0
	0

	P4
	0
	R
	0

	P5
	0
	-R
	0

	P6
	0
	0
	H/2

	P7
	0
	0
	-H/2



Given the number of antenna orientations required per reference point (e.g. 34 antenna orientations in case of re-positioning approach is applied), QoQZ assessment using the test positions in Table 6‑1 represents an accurate evaluation of the effective QZ where the DUT radiating elements can be placed at.
A concern was raised during last meeting about the impact in the QoQZ MU reported if the system vendor would select an arbitrarily small height, and thus obtaining improved QoQZ MU values from the results of P6 and P7 performed at H/2 instead of R. We have performed a series of simulations using the available QoQZ data as a basis and replacing the results for P6 and P7 random values with a 0.4dB standard deviation from the values at P1. It has to be noted this would represent an unrealistic case where H is defined as 0cm. 
From this set of simulation results it can be seen that the max/min variation of overall QoQZ MU (calculated over 238 values) is limited to +0.09dB to -0.14dB, what correspond to a maximum change of the Expanded uncertainty between +0.05dB to -0.07dB using EIRP MU budget as a reference. We understand this is a negligible risk compared to the advantages allowing a flexible definition H with respect to the maximum DUT size a chamber can test. 
[bookmark: _Toc71298603][bookmark: _Toc71299072][bookmark: _Toc71355550][bookmark: _Toc71356411]Observation 9: there is a negligible impact on MU due to the flexible definition of QoQZ reference positions in Table 6‑1.
Ultimately, the decision on the maximum DUT height for a chamber will imply a trade-off between QoQZ MU values and the maximum DUT size, that can be selected based on TE vendor best judgement. E.g.: a test system which H is defined too small (close to 0cm) will limit heavily the scope of devices that can be tested in such chamber, although the gain in QoQZ MU is very limited.
[bookmark: _Toc71299178][bookmark: _Toc71355554][bookmark: _Toc71356415]Proposal 4: adopt the QoQZ reference positions as shown in Table 6‑1.
[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) following Options #2 and #3, 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: unclear definition of maximum DUT size per QZ size under grey-box approach will drive into certification applicability gaps.
Observation 7: unclear definition of maximum DUT size per QZ size under grey-box approach will drive into inconsistencies on the application of test requirements.
Observation 8: a cylindrical definition of the maximum device size maximizes coverage in terms of DUT size.
Observation 9: there is a negligible impact on MU due to the flexible definition of QoQZ reference positions in Table 6‑1.

Proposal 1: OEMs and Operators to confirm if the increase of 0.20dB, 0.19dB and 0.18dB in the Expanded Uncertainty for EIRP, TRP and EIS respectively is acceptable for the QZ extension to 40cm.
Proposal 2: for QZ size ≤ [40cm] and in case grey-box approach is applied, define a cylindrical maximum DUT size of 45cm diameter and 35cm height.
Proposal 3: adopt Table 5‑1 as the baseline for device applicability based on maximum antenna separation and maximum DUT size.
Proposal 4: adopt the QoQZ reference positions as shown in Table 6‑1.
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