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Introduction
This contribution addresses blocking of Probe #1 vs Probe #3 which was discussed in the last few RAN4 meetings. This contribution is a continuation of [1][2]. 
Discussion
In RAN4#98-e, the WF captured the need to further study the FR2 blocking issues of the probes, specifically from Probe #3 [3]
	· 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 [4], 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 [5]. 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 [4]. 
	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: From a visual perspective, blocking from Probe #1 is worse than from Probe #3. 
The overwhelming feedback from companies in RAN4#98bis-e was that further study is needed [6]. 
		Sub-topic 1-6 FR2 blocking issue
	Issue 1-6: FR2 Blocking issue
8 companies shared views on this issue. 7 companies support option 1 and 1 company support option 2. Therefore, the recommended agreement would be:
Agreements:
· The blocking issue of 3D-MPAC system is not properly presented, more study is needed.
Recommendations for 2nd round:
Further discuss how to evaluate the blocking issue in 3D-MPAC system.





A three-step approach was proposed to further evaluate the blocking using simulations or measurements [6]. This contribution is following the proposed three step approach using simulations. 
The 3D EM simulation tool used is CST, specifically the asymptotic solver
	The Asymptotic Solver is a ray tracing solver which is efficient for extremely large structures where a full-wave solver is unnecessary. The Asymptotic Solver is based on the Shooting Bouncing Ray (SBR) method, an extension to physical optics, and is capable of tackling simulations with an electric size of many thousands of wavelengths


In these simulations, the reference antenna and measurement probes were modelled with a single-polarized 14dBi horn antenna and only the vertical polarization was evaluated. The frequency of operation was selected to be 24 GHz and simulation results for this antenna are presented in Figure 4. 
[image: ]
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[bookmark: _Ref70590288]Figure 4: Simulation results for the horn antenna considered as reference antenna (in centre of QZ) and as Probe #1 and #3; pattern (top), return loss (bottom).

The range length, i.e., the distance between the centre of QZ and the measurement probes was selected to be 1m. To keep the complexity of the simulations to a minimum, only probes #1 and #3 were modelled and only the vertical portion of the mast was modelled. The project with the antenna (reference, probe #1 and #3), and the mast (including the dimensions and absolute locations) is illustrated on the left of Figure 5 for the default position (q, f) of (0o, 0o). The mast was setup with absorptive material properties in CST to emulate absorbers commonly placed on the mast. 
Figure 6 shows the first step of the 3-step process to determine the blocking characteristics between the mast and Probe #1 vs Probe #3 The simulation project and S21 results are illustrated on the left and various principal views are shown on the right. In this step, the reference S21 between the reference horn and Probe #1 is determined without any blocking, i.e., with the positioner/mast in the default position (q, f) of (0o, 0o). With the reference horn pointing directly at Probe #1 (towards the z direction), the S21 between these two antennas is -31.8dB which matches the theoretical FSPL of 60dB with twice the 14dBi gain for each antenna subtracted. Due to the misalignment between the reference antenna and Probe #3, the S21 between these antennas is reduced by ~4.4dB. 
[bookmark: _Ref70601635]Observation 2: The CST asymptotic solver accurately predicts the theoretical S21 between mm-wave horn antennas. 
Unfortunately, an issue with the asymptotic solver from CST was discovered with materials placed in between two antennas. A high-level overview of the issue is shown in Figure 7 where the blocking regardless of material definition is the same. This issue was highlighted to CST and confirmed; no solution has been provided so far which makes a reliable numerical evaluation of the blocking impact of Steps 2 and 3 currently impossible regardless of reference antenna position, i.e., centred to centre of QZ (0, 0, 0) as well as M1 (0, 0, 10cm) and M2 (3.1cm, 0, 8.5cm) from [12]. 
[bookmark: _Ref78873191]Observation 3: Issues with CST’s asymptotic solver currently prevent the evaluation of Step 2 and 3 simulations regardless of reference antenna position. 
As discussed in [13], the probe weights should be considered in this investigation as the probe weight differences could potentially outweigh the differences in blocking. As shared in [13], the probe weights of Probe #1 are significantly larger than those of Probe #3 
	•	the probe weight of probe #1 is >20dB greater than that of probe #3 for InO CDL-A
•	the probe weight of probe #1 is >7dB greater than that of probe #3 for UMi CDL-C


which is another strong indication that that the impact of probe #3 is smaller and that the QoQZ validation should be performed with Probe #1, similar to multi-probe RRM systems for 2 AoA. 
[bookmark: _Ref79135516]Observation 4: The probe weights of Probe #1 are significantly higher than those of Probe #3. 
If the blocking effects still need to be quantified to resolve this issue, it is proposed to keep this discussion open until a solution from CST is provided and interested parties are encouraged to provide simulation results.
[bookmark: _Ref78873192][bookmark: _Ref79135517]Proposal 1: If the blocking effects still need to be quantified to resolve this blocking issue, keep this discussion open and interested parties are encouraged to provide simulation results.

[image: ]
[bookmark: _Ref70597580]Figure 5: Visualization of the CST Project from various views for when the reference horn is pointed at probe #1 for the default position (q, f) of (0o, 0o). Reference antenna is placed at centre of test zone (0,0,0).


[image: ]
[bookmark: _Ref70598378]Figure 6: Visualization of CST Project (Step 1) including S21 results between reference horn and measurement probes for the default position (q, f) of (0o, 0o) and with reference horn pointing directly at Probe #1. Reference antenna is placed at centre of test zone (0,0,0).

[image: ]
[bookmark: _Ref78871695]Figure 7: Overview of CST asymptotic solver issue


Conclusion
The following observations and proposals were made in this contribution
Observation 1: From a visual perspective, blocking from Probe #1 is worse than from Probe #3.
Observation 2: The CST asymptotic solver accurately predicts the theoretical S21 between mm-wave horn antennas.
Observation 3: Issues with CST’s asymptotic solver currently prevent the evaluation of Step 2 and 3 simulations regardless of reference antenna position.
Observation 4: The probe weights of Probe #1 are significantly higher than those of Probe #3.
Proposal 1: If the blocking effects still need to be quantified to resolve this blocking issue, keep this discussion open and interested parties are encouraged to provide simulation results.
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