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Introduction
This contribution is addressing the need to clarify the re-positioning concept for QoQZ validation applied to RRM 2 AoA testing. Additionally, sample values of DFF QoQZ MU for 2 AoA RRM are presented. 
QoQZ Validation for 2 AoA RRM 
For 2 AoA RRM systems, the exact probe locations have not been specified but are left to system integrators as captured in as stated in Clause 6.2.1.1. 
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The absolute position of the probes is left up to implementation. The relative angular relationship between two AoAs can be achieved using any combination of probes.



The only requirement the probes need to meet is to have one probe along the z direction (P0 probe) and to have the 30o, 60o, 90o, 120o, and 150o relative angular distance between probes as specified in [2], specifically 7.1.3.2.1
	For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120° and 150°. 



One sample RRM system supporting 2 AoA test cases with 6 IFF and/or DFF probes is shown in Figure 1
[image: ]
[bookmark: _Ref47599672]Figure 1: Sample RRM system supporting 2 AoA test cases (red dots could be IFF or DFF probes)
with the sample probe location as tabulated in Table 1
[bookmark: _Ref47609102]Table 1: RRM probe locations for sample RRM system shown in Figure 1
	q [o]
	f [o]

	0
	90

	30
	90

	60
	90

	90
	90

	120
	90

	150
	90


It should be noted that the above system implementation is merely an example and that systems with other probe locations and fewer number of probes are possible. 
While the QoQZ applicability has been defined in [2], 
	[bookmark: _Toc27749917]7.1.3.2.4	Quality of the quiet zone
The quality of the quiet zone for the RRM measurement setup based on DFF is described in B.2.2.3.
The quality of the quiet zone for the RRM measurement setup based on simplified DFF is described in B.2.3.3.
The quality of the quiet zone for the RRM measurement setup based on IFF is described in B.2.4.3.
The quality of the quiet zone for the RRM measurement setup based on enhanced IFF is FFS.
The quality of the quiet zone for the RRM measurement setup based on IFF+DFF is FFS.


we believe that additional clarifications are needed for 2 AoA RRM as the QoQZ procedures for DFF and IFF assume just a single probe related to the re-positioning concept which is outlined in Clause N.3. 
	[bookmark: _Toc21026927][bookmark: _Toc27744225][bookmark: _Toc36197396][bookmark: _Toc36198088]N.3	DUT positioning guidelines
The centre of the reference coordinate system shall be aligned with the geometric centre of the DUT in order to minimize the offset between antenna arrays integrated at any position of the UE and the centre of the quiet zone.
Near-field coupling effects between the antenna and the pedestals/positioners/fixtures generally cause increased signal ripples. Re-positioning the DUT by directing the beam peak away from those areas can reduce the effect of signal ripple on EIRP/EIS measurements. Figure N.3-1 and N.3-2 illustrate how to reposition the DUT in distributed axes and combined axes system, when the beam peak is directed to the DUTs upper hemisphere (DUT orientation 1) or the DUTs lower hemisphere (DUT orientation 2). While these figures are examples of different positioning systems and other implementations are not precluded, the relative orientation of the coordinate system with respect to the antennas/reflectors and the axes of rotation shall apply to any measurement setup.
[image: ]
Figure N.3-1: DUT re-positioning for an example of distributed-axes system

[bookmark: _Ref521493134][image: ]
Figure N.3-2: DUT re-positioning for an example of combined-axes system

For EIRP/EIS measurements, re-positioning the DUT makes sure the pedestal is not obstructing the beam path and that the pedestal is not in closer proximity to the measurement antenna/reflector than the DUT. For TRP measurements, re-positioning the DUT makes sure that the beam peak direction is not obstructed by the pedestal and the pedestal is in the measurement path only when measuring the back-hemisphere. No re-positioning during the TRP measurement is required.



When the re-positioning concept is applied to UE RF or 1 AoA RRM test cases, the test cases shall make sure 
· for RX TCs: that DL signals shall be applied only from directions within the yellow highlighted hemisphere (with q≤90o)
· for TX TCs: that UL signals shall be measured only from directions within the yellow highlighted hemisphere (with q≤90o)
so that the QoQZ validation procedure can be performed with the limited set of angles that would avoid the reference horn antenna to point towards the back hemisphere.
Figure 2 illustrates the same sample RRM system supporting 2 AoAs as in Figure 1 but with the yellow highlighted hemisphere (with q≤90o) facing away from the positioner mast. Applying the previous intent of the re-positioning concept that no signals to/from outside the yellow highlighted hemisphere shall be considered, it is clear that two probes do not meet this intent. 
[image: ]         [image: ]
[bookmark: _Ref47603094]Figure 2: Sample RRM system supporting 2 AoA test cases. The hemisphere facing away from the positioner mast is highlighted in yellow. 

When the probes in the back hemisphere are used for any of the 2 AoA test cases, i.e., probes at (120o,90o) or especially at (150o,90o), the radiation can be affected by portions of the positioner, e.g., positioner mast. The re-positioning approach for the QoQZ is therefore generally not applicable to RRM 2 AoA testing.
[bookmark: _Ref47607970][bookmark: _Ref47695254]Observation 1: The re-positioning approach for the QoQZ is generally not applicable to RRM 2 AoA testing
One could argue that the QoQZ MU with re-positioning approach is applicable to the AoAs generated from probes placed within the forward-looking (within q≤90o) hemisphere, i.e., the 30o, 60o, 90o AoAs of the example system in Figure 1, and that the QoQZ MU without re-positioning applies to AoAs generated from probes that are not all contained in the forward-looking hemisphere, i.e., the 120o and 150o AoAs of the example system in Figure 1. However, a more generic approach, i.e., one that applies to all AoAs regardless of angular separation would be simpler and less complex. It is therefore proposed that the QoQZ validation and MTSU for RRM 2 AoA test cases does not consider the re-positioning concept.
[bookmark: _Ref47607971]Proposal 1: It is proposed that the QoQZ validation and MTSU for RRM 2 AoA test cases does not consider the re-positioning concept.
QoQZ MU for DFF Based 2 AoA RRM
The Direct Far-Field system used for the measurements is a 2 AoA capable system with Roll-Over-Azimuth positioning system, i.e., combined-axes system, that meets the minimum range length requirements defined in B.2.2.4 of [2]. The QoQZ validation was performed with the P0 probe, i.e., the probe placed along the z axis. 
[bookmark: _Hlk521515304]The procedure outlined in Clause O.2 of [3] for the combined-axis system was followed in this document. For each of the 7 reference positions, a total number of 7 different device orientations around the y axis were performed not taking into account the device re-positioning allowance to avoid measurement directions towards areas that likely cause increased signal ripples.  In total, 322 ( = (7 rotations around y * 3 rotations around x + 2 measurements towards ±y) * 2 polarizations * 7 reference positions) EIRP scans were performed for each frequency, sufficient to be statistically significant and to accurately estimate the quality of quiet zone MU. Subsequently, the QoQZ MU with the re-positioning concept was calculated based on the subset of 238 measurements ( = (5 rotations around y * 3 rotations around x + 2 measurements towards ±y) * 2 polarizations * 7 reference positions).
The evaluation was performed for a quiet zone size of 30cm as outlined in Figure 3.
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[bookmark: _Ref521525638]Figure 3: Illustration of reference points and quiet zone for DFF
EIRP measurements were performed at the three frequencies agreed in [4]: 23.45 GHz, 32.125GHz and 40.8GHz as well as 44.3 GHz for FR2_C. 
The standard deviations for the 322 (238) peak EIRP and TRP measurements without (with) the re-positioning concept are summarized in Table 2 for EIRP separately for all 7 positions, P1-P7, which corresponds to the MU element “Quality of Quiet Zone” in the Stage 2: DUT Measurement portion of the MU Table and for just the P1 position which corresponds to the MU element “Quality of the Quiet Zone for the calibration process” in the Stage 1: Calibration Measurement portion of the MU Table.
[bookmark: _Ref521427013][bookmark: _Hlk47607401]Table 2: Standard Deviations for EIRP (30cm QZ) with and without re-positioning concept
	
	With Re-Positioning Concept
	Without Re-Positioning Concept

	Positions
	23.450 GHz
	32.125 GHz
	40.800 GHz
	44.3 
GHz
	23.450 GHz
	32.125 GHz
	40.800 GHz
	44.3 
GHz

	P1-P7
	0.79
	0.87
	0.99
	1.03
	1.08
	1.06
	1.11
	1.20

	P1 only
	0.20
	0.07
	0.13
	0.18
	0.29
	0.26
	0.19
	0.26



It is proposed to set the MU element of Quality of Quiet Zone for FR2_A, FR2_B, and FR2_C to 1.2dB for Stage 2 and to 0.3dB for Stage 1 for 2 AoA RRM test cases based on DFF implementation.
[bookmark: _Ref47607972]Proposal 2: Set the MU element of Quality of Quiet Zone for FR2_A, FR2_B, and FR2_C to 1.2dB for Stage 2 and to 0.3dB for Stage 1 for 2 AoA RRM test cases based on DFF implementation
Conclusion
The following observations and proposals were made in this contribution
Observation 1: The re-positioning approach for the QoQZ is generally not applicable to RRM 2 AoA testing
Proposal 1: It is proposed that the QoQZ validation and MTSU for RRM 2 AoA test cases does not consider the re-positioning concept.
Proposal 2: Set the MU element of Quality of Quiet Zone for FR2_A, FR2_B, and FR2_C to 1.2dB for Stage 2 and to 0.3dB for Stage 1 for 2 AoA RRM test cases based on DFF implementation
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