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Introduction
This contribution addresses the need to revisit the QoQZ procedure and MU elements due to blocking which was discussed in RAN4#98-e. 
Discussion
In RAN4#98-e, the WF captured the need to further study the FR2 blocking issues of the probes, specifically from Probe #3 [1]
	· System implementation of FR2 3D-MPAC system
· Keep the probe locations the same among system implementations at this time, but enhanced implementation or solution can be considered by RAN4 in future
· Further study how to address the FR2 blocking issue


The agreed probe configuration in [2], i.e., Table B.2.1-1
	Table B.2.1-1. FR2 3D MPAC Probe Locations in OTA test system coordinate system
	Probe Number
	Theta
[deg]
	Phi
[deg]

	1
	0.0
	0.0

	2
	11.2
	116.7

	3
	20.6
	-104.3

	4
	20.6
	104.3

	5
	20.6
	75.7

	6
	30.0
	90.0





is further illustrated in Figure 1.
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[bookmark: _Ref67905241]Figure 1: Visualization of Probes and Probe Locations with initial test configuration of (q, f) of (0o, 0o) in an example FR2 test system configuration
Clearly, Probe #3 is located in the lower hemisphere with y < 0 and a concern was raised about the blocking from this probe [3]. In the extreme case of q = 180o, the vertical positioner mast indeed introduces significant blocking between Probe #3 and the DUT, as illustrated in Figure 2. However, Probe #1, the probe along the z axis experiences the same amount of blocking if not more since Probe #3 is slightly more offset from the z axis. 
[image: ]
[bookmark: _Ref67908015]Figure 2: Visualization of Probes and Probe Locations with extreme configuration of (q, f) of (180o, 0o) in an example FR2 test system configuration
However, the extreme case above with q = 180o is not applicable for NR FR2 MIMO OTA testing since the largest q in the test procedure is ~162o per Table B.2.3-1 of [2]. 
	Table B.2.3-1. Evenly spaced FR2 test points with a constant density
	Test Point Number
	Theta [deg]
	Phi [deg]

	1
	0.0
	0.0

	…
	
	

	36
	161.7
	59.1





Different views of this extreme NR FR2 MIMO OTA test configuration is illustrated in Figure 3. Clearly, the various views of Figure 3 show that blocking from Probe #1 is worse than from Probe #3.
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[bookmark: _Ref67909862]Figure 3: Visualization of Probes and Probe Locations with extreme NR FR2 MIMO OTA test configuration of (q, f) of (161.7o, 0o) in an example FR2 test system configuration
[bookmark: _Ref67930422]Observation 1: Blocking from Probe #1 is worse than from Probe #3. 
In RAN4#98-e, it was questioned whether the current QoQZ procedure properly captures blocking issue. As agreed in [4], NR FR2 MIMO OTA leverages the existing NR FR2 QoQZ procedure, documented in [5][6], for UE RF test systems and single AoA as well as dual-AoA, multi-probe RRM test systems. The QoQZ procedure and the associated MU element already capture the reflection/blocking effects of the positioner as stated in [7], specifically B.2.1.3.
	B.2.1.3 Quality of quiet zone 
The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. The MU term additionally includes the amplitude variations effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links. 


[bookmark: _Ref67930423]Observation 2: The QoQZ validation procedure and MU element ‘Quality of quiet zone’ already captures the reflection/blocking from the positioning system. 
For the multi-probe FR2 RRM systems, just a single probe is used for the QoQZ procedure as outlined in Clause 6.2.1.1 of [6] or Clause 7.1.3.2.4 of [8]
	7.1.3.2.4 Quality of the quiet zone 
For RRM, the quality of the quiet zone validation defined in Annex O of TS 38.521-2 [15] needs to assess only the single-directional EIRP and EIS metrics. For measurement setups with multiple probes, the QoQZ procedure needs to be performed with all probes present and in the conditions used for RRM testing. 
The quality of the quiet zone for the RRM measurement setup based on DFF is described in B.2.2.3. The QoQZ validation needs to be performed only with the reference probe P0. 
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 described in B.2.4.3. The QoQZ validation needs to be performed only with the reference reflector, P0, if same sized IFF reflectors are used.


Hence, even the 2 AoA RRM test cases which use multiple probes simultaneously are leveraging a QoQZ procedure that relies on a single probe. 
[bookmark: _Ref67930424]Observation 3: 2 AoA RRM, which also leverages multiple probes simultaneously, is using the same QoQZ validation procedure with a single probe as FR2 MIMO OTA. 
For systems that support both FR2 MIMO OTA and FR2 RRM testing, leveraging the same probe, i.e., Probe 1/P0 (along z direction), optimizes the QoQZ validation procedure.
[bookmark: _Ref68251810]Observation 4: For systems that support both FR2 MIMO OTA and FR2 RRM testing, leveraging the same probe optimizes the QoQZ validation procedure. 


The re-positioning concept captured in [5], specifically in 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.


provides an allowance for test cases and QoQZ validation procedures to minimize the blocking effects between DUT and the positioner by adjusting the position/orientation of the device to prevent radiation to be directed towards the positioner. This re-positioning approach has been captured in the test case procedures already, e.g., step 4 of [2]
	For throughput testing, the following steps shall be followed in order to evaluate FR2 MIMO OTA performance of the DUT:
1. Position the DUT in the default P0 alignment option (Orientation 1), as defined in Annex A.3 in TR38.827 [2].
2. Measure MIMO OTA throughput, the maximum downlink power is TBD. MIMO OTA throughput is the minimum downlink signal power resulting in a pre-defined throughput value (70%) of the maximum theoretical throughput.  The downlink signal power step size shall be no more than 0.5 dB when RF power level is near the NR MIMO sensitivity level. 
3. Rotate the UE to the next test point. Table B.2.3-1 lists 36 evenly spaced test points determined using the charged particle approach and with test point #1 centred at (0,0). 
4. Repeat the test from step 2 for each specified test point. If the re-positioning concept is applied, the device needs to be positioned in P0 Orientation 2 (either option 1 or option 2).  
5. The postprocessing method and the performance metric are FFS. 


and has been captured in Clause O.2 of [5]. Since this approach is optional, the blocking effect between DUT and positioner can be minimized but does not necessarily have to be. 
[bookmark: _Ref67930425]Observation 4: The re-positioning concept has been incorporated in the FR2 MIMO OTA test cases and the QoQZ procedure, leveraged for all FR2 test methodologies, as optional approach.
The maximum test system uncertainty (MTSU), defined in RAN5, corresponds to the maximum acceptable MU of test system used for conformance testing. So far, the MTSUs for all FR2 test cases assume the re-positioning concept is applied for the QoQZ used, i.e., the optimized QoQZ MU must be used to determine the maximum acceptable MU. It is expected that RAN5 will leverage the same approach for NR FR2 MIMO OTA. 
[bookmark: _Ref67930426]Observation 5: The MTSUs for all FR2 test cases assume the re-positioning concept is applied, i.e., the optimized QoQZ MU must be used to determine the maximum acceptable MU.
For NR FR2 MIMO OTA, it can therefore be concluded that the re-positioning concept, already introduced for the test case procedure and the underlying QoQZ validation procedure, minimizes the blocking effects. If this optional approach is not adopted for the test cases and QoQZ validation procedure, the MU due to blocking is already captured and the worst case blocking from Probe #1 is taking into account. It is therefore proposed to consider that the blocking issue has been properly captured.
[bookmark: _Ref67930427]Proposal 1: Consider the blocking issue properly captured for NR FR2 MIMO OTA.
Conclusion
The following observations and proposals were made in this contribution
Observation 1: Blocking from Probe #1 is worse than from Probe #3.
Observation 2: The QoQZ validation procedure and MU element ‘Quality of quiet zone’ already captures the reflection/blocking from the positioning system.
Observation 3: 2 AoA RRM, which also leverages multiple probes simultaneously, is using the same QoQZ validation procedure with a single probe as FR2 MIMO OTA.
Observation 4: For systems that support both FR2 MIMO OTA and FR2 RRM testing, leveraging the same probe optimizes the QoQZ validation procedure.
Observation 4: The re-positioning concept has been incorporated in the FR2 MIMO OTA test cases and the QoQZ procedure, leveraged for all FR2 test methodologies, as optional approach.
Observation 5: The MTSUs for all FR2 test cases assume the re-positioning concept is applied, i.e., the optimized QoQZ MU must be used to determine the maximum acceptable MU.
Proposal 1: Consider the blocking issue properly captured for NR FR2 MIMO OTA.
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