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Introduction
This contribution outlines our views on system parameter assumptions for multi-AoA reception testing. Various aspects are similar to what is presented in the SI contribution [1].
[bookmark: _Ref31104997]Discussion
In [2], a new Study Item (SI) was endorsed to define test methodologies for UE RF/demodulation/RRM testing to support reception of DL signals simultaneously from multiple Angles of Arrival (AoAs). This SI directly supports the Work Item (WI) in [3] with testability aspects to eventually enable testing of 4-layer MIMO reception which states [3]:
	“The existing Rel-15 NR FR2 minimum UE requirements are defined with an assumption that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. Furthermore, the UE performance requirements are limited for DL MIMO rank 1 and 2. In FR2, 4-layer MIMO reception requires beam reception from at least two directions. Although this is supported by the MIMO features since Rel-15, no performance requirements have yet been specified.” 
and
“This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved RF, RRM and UE demodulation performance.”


In RAN4#105, an important decision in terms of the measurement setup was reached, i.e., Setup 2a [4] was endorsed [5]. 
	· Agreement: 
· RAN4 to consider option 2a as the starting point and revisit if option 2a could not verify the UE RF requirements properly.


This contribution addresses various open topics that were discussed last meeting without any conclusion [5][6]. 
Impact of Probe Locations and 3D Scans on DL Directions
In RAN4#105, it was agreed to define absolute probe locations [5] for multi-AoA RX test systems to, i.e., 
	Issue 1-2-2: Probe locations for UE RF testing
· Proposals
· Option 1 (Keysight): For measurement setup option 2a, absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results
· …
· Agreement: 
Option 1 is agreed


As outlined in detail in [1], it was shown that different 3D scan approaches, measurement grid types, and probe locations have an impact on the test point/DL orientation coverage and thus requirements definition. The most relevant findings are summarized in Table 1 which lead to the following observations in [1]
	Observation 1: Probes aligned in the yz plane introduce large keep-out areas for the angular coverage/DL directions towards each pole. 
Observation 2: With full rotation in  and half rotation in , probes aligned in the xz plane introduce a conical sector towards the pole at =0° with no angular coverage/DL directions for offset probes. 
Observation 3: Constant density grids do not maintain the constant density coverage/DL direction distribution for probes offset from P0, a higher density of DL directions is observed especially near the poles. 
Observation 4: When probes are aligned in the xz plane, constant-step size grids maintain the constant-step size distribution of DL directions for probes offset from P0. 
Observation 5: Probes aligned in the xz plane generally provide a wider angular coverage for AoA2 DL directions when compared to probes aligned in the yz plane. 
Observation 6: With full rotation in  and half rotation in  and probes aligned in the xz plane, the AoA2 DL directions are distributed in 3D without a conical region with lack of coverage. 
Observation 7: Only with full rotation in  and half rotation in , probes aligned in the xz plane, and constant-step size grids, uniform angular coverage/DL directions is achieved, i.e., the distribution of DL directions for all probes on the xz plane match the distribution of grid points.


The following proposals from [1] are repeated here as they directly affect the requirements definition:
[bookmark: _Ref127530987]Proposal 1: For optimized AoA1 and AoA2 test point/perceived DL direction coverage, apply a full rotation in  and a half rotation in .
[bookmark: _Ref127200741]Proposal 2: For optimized AoA1 and AoA2 test point/perceived DL direction coverage, utilize constant-step size grids only. 
[bookmark: _Ref127200742]Proposal 3: For optimized AoA1 and AoA2 test point/perceived DL direction coverage, place the AoA2 probes in the xz plane. 


[bookmark: _Ref126868739]Table 1: System configurations with probes in the xz plane (left) and yz plane (right). 3D scan performed with full rotation in f and half rotation in q (top) and with full rotation in q and half rotation in f (bottom)
	
	Probes in the xz plane
	Probes in the yz plane

	3D Scan: full rotation in f and half rotation in q
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DL Directions perceived by DUT from Probe P60 with Constant-Step Size Grid
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DL Directions perceived by DUT from Probe P60 with Constant-Density Grid
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DL Directions perceived by DUT from Probe P60 with Constant-Step Size Grid
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DL Directions perceived by DUT from Probe P60 with Constant-Density Grid
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	3D Scan: full rotation in q and half rotation in f
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DL Directions perceived by DUT from Probe P60 with Constant-Step Size Grid
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DL Directions perceived by DUT from Probe P60 with Constant-Density Grid
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DL Directions perceived by DUT from Probe P60 with Constant-Step Size Grid
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DL Directions perceived by DUT from Probe P60 with Constant-Density Grid
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[bookmark: _Ref127165355]The relative orientation between the P0 and the three offset probes, i.e., P60, P120, and P150, are investigated in detail in [1] while the high-level summary is outlined below as well. For better visualization purposes, a coarse measurement grid with 84 grid points for the constant-step size grid (Dq=Df=30°) is considered. Given the clear advantages of the 3D measurement scan using a full rotation in q and half rotation in f for multi-AoA testing, only this approach is further considered here. 
The AoA1-AoA2 DL orientation vectors, i.e., the vectors between the DL orientation perceived by the UE from AoA1 to AoA2, are visualized in Table 2 for the constant step-size grid. The vectors are illustrated in two different ways. In the figures on the left, e.g., 
[image: ]
the AoA1 DL directions are plotted on top of the sphere with the black marker while the AoA2 DL directions are plotted slightly elevated from the sphere for clarity. The corresponding AoA1 & AoA2 pairs received by the UE are connected with arrows (pointing from AoA1 to AoA2) with the arrows plotted in random colours to support better differentiation. In the figures on the right, e.g., 
[image: ]
only the AoA1 DL directions are plotted on top of the sphere with the black marker while the direction towards the corresponding offset AoA2 DL direction is visualized with the single arrow (the length of the arrow corresponds to the value of the offset). 
The following observations was be drawn from these figures [1]:
	[bookmark: _Ref127168315]Observation 10: With probes aligned in the xz axis, the AoA1-AoA2 DL orientation vectors point towards the pole at q=180° for DL directions perceived from y≥0 while the AoA1-AoA2 DL orientation vectors point towards the pole at q=0° for DL directions perceived from y≤0.  



Feedback from OEMs and chipset vendors is requested whether the directionality of the AoA1-AoA2 DL orientation vectors matters or whether it needs to be compensated somehow. 
[bookmark: _Ref127168353]Proposal 4: OEMs and chipset vendors to comment on the directionality of the AoA1-AoA2 DL orientation vectors, e.g., whether reciprocity of the TRPs will tolerate the observed directionality. 


[bookmark: _Ref127534103]Table 2: Vectors of DL orientations between AoA1 (P0) and AoA2 from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size grid using 84 grid points (Dq=Df=30°). Full rotation in q and half rotation in f. 
	
	Probes in the xz plane

	System Configuration with full rotation in q and half rotation in f
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	Orientation between Probes P0 and P60
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	Orientation between Probes P0 and P120
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	Orientation between Probes P0 and P150
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Polarization Combinations/Permutations
No decision has been made yet on the polarization combinations/permutations necessary for AoA1 and AoA2 [15]. Four different combinations for the 2-DL Rx test are possible as illustrated in Table 3  for AoA1 and AoA2 placed within the xz plane, i.e., (AoA1q, AoA2q), (AoA1q, AoA2f), (AoA1f, AoA2q), (AoA1f, AoA2f). 
[bookmark: _Ref118316367][bookmark: _Ref118727808]Table 3: Possible Polarization Combinations/Permutations between AoA1 and AoA2 with probes within xz plane
	
	q-Pol. for AoA1 (AoA1q)
	f-Pol. for AoA1 (AoA1f)

	q-Pol. for AoA2 (AoA2q)
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	f-Pol. for AoA2 (AoA2f)
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	Note: The polarizations at the poles are ambiguous; the AoA1 q/f polarization was selected arbitrarily


The proposal in [15] to limit the polarizations to the cross-polarized combinations (AoA1q&AoAf and AoA1f&AoAq) effectively reduces the overall test time by ½. 
[bookmark: _Ref118721654]Proposal 5: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors. 
(Total) Joint 2 AoA Sensitivity Approaches for Single-DCI Scheme
For single-DCI schemes, only the total throughput (TP) can be measured, i.e., the TP and thus EIS metric cannot be determined per AoA. 
[bookmark: _Ref118721650]Observation 1: For single DCI schemes, only the total throughput (TP) can be measured, i.e., the TP and thus EIS metric cannot be determined per AoA.
Therefore, a new sensitivity metric, specifically the approach to determine the sensitivity level that is then analysed statistically for the spherical coverage test, e.g., (C)CDF, needs to be defined for single-DCI schemes. Initial approaches presented in [15] and further discussed in [16] refer to this sensitivity level as the ‘Joint 2 AoA Sensitivity’. 
Here, two possible ‘Joint 2 AoA Sensitivity’ approaches are highlighted in Figure 1 and Figure 2, respectively with the differences outlined in Table 4.
[image: ]
[bookmark: _Ref117785703]Figure 1: Joint 2 AoA Sensitivity Approach 1 based on fixed DL level at AoA2 and variable DL level at AoA1 with the level search yielding a target total TP
[image: ]
[bookmark: _Ref117785707]Figure 2: Joint 2 AoA Sensitivity Approach 2 based on variable DL levels at AoA1 and AoA2 with the level search yielding a target total TP
[bookmark: _Ref118208909]Table 4: Overview of Joint 2 AoA Sensitivity approaches
	Item
	Joint 2 AoA Sensitivity Approach 1 (J2AS1)
	Joint 2 AoA Sensitivity Approach 2 (J2AS2)

	High-Level Test Procedure
	· Apply fixed DL power to AoA2 on specific polarization Pol2, DLAoA2,Pol2 
· Subsequently, perform sensitivity search while adjusting AoA1 DL level on specific polarization Pol1, DLAoA1,Pol1 to yield target TP (total)
	· Perform sensitivity search while iteratively adjusting AoA1 and AoA2 DL levels on specific polarizations Pol1 and Pol2, DLAoA1,Pol1 and DLAoA2,Pol2 to yield target TP (total)

	Sensitivity Search
	Search applied to AoA1 DL level only
	Search applied to AoA1 and AoA2 DL levels

	Unique Joint 2 AoA Sensitivity Search Results
	Yes, only one degree of freedom (AoA1 DL level)
	Potentially no, as 2 different AoA1 and AoA2 DL levels could yield the same target TP (unless the search algorithm is defined in detail)

	Joint 2 AoA Sensitivity Level
	J2ASPol1,Pol2,1 = DLAoA1,Pol1 resulting in target TP
	J2ASPol1,Pol2,2 = Function of DLAoA1,Pol1 and DLAoA2,Pol2 resulting in target TP

	Test Time
	Low (search performed on single DL)
	High (search performed on two DL)


From a TE vendor perspective, the Joint 2 AoA Sensitivity approach 1 is preferred given the ease of implementation, reduced test time, and lack of ambiguity. 
[bookmark: _Ref118721651]Observation 2: From a TE vendor perspective, the Joint 2 AoA Sensitivity approach 1 (single-DCI scheme) is preferred ease of implementation, reduced test time, and lack of ambiguity
[bookmark: _Ref118721655]Proposal 6: OEMs and chipset vendors to provide feedback on the 2 presented Joint 2 AoA Sensitivity approaches in Table 4 for single-DCI schemes and whether two different AoA1 and AoA2 DL levels can yield the same target total TP. 
Pending the feedback on the number of polarization combinations, it furthermore needs to be determined how the Total Joint 2 AoA Sensitivity is defined, i.e., four all 4 polarization combinations the Total Joint 2 AoA Sensitivity, TJ2AS, is a function of J2ASAoA1q, AoA2q, J2ASAoA1q, AoA2f, J2ASAoA1f, AoA2q, J2ASAoA1f, AoA2f.
[bookmark: _Ref118721656]Proposal 7: OEMs and chipset vendors to provide feedback on how the Total Joint 2 AoA Sensitivity, TJ2AS, is determined from the Joint 2 AoA Sensitivities for each polarization combination, i.e., . TJ2AS = f(J2ASAoA1q, AoA2q, J2ASAoA1q, AoA2f, J2ASAoA1f, AoA2q, J2ASAoA1f, AoA2f)


Proposed Parametric Test Procedure for Single-DCI Schemes
For the proposed measurement test setup, Setup 2a in [4], illustrated in Figure 3, a test approach for single-DCI schemes is proposed below. 
[image: ]
[bookmark: _Ref112743364]Figure 3: Example single-DCI scheme measurement setup with three AoA2 probes. 
In this example setup, the (fixed) probe locations, the number of probes, and probe type (DFF, IFF) are selected arbitrarily; specific implementation details should be discussed at a later time. In this measurement setup, all probe locations are fixed while the DUT is rotated in 3D using a 2-axis positioner (not illustrated). The 1st DL direction is introduced over the probe labelled AoA1 (typically oriented towards the z axis of the system) while the 2nd DL direction is introduced over any of the M (in this example, M=4) fixed probes labelled AoA2.m (with m = 1, …, M). 
The proposed spherical coverage measurement approach for single-DCI scheme is as follows (per grid point):
· Step 1 (Selection of best AoA2.m probe): The Total TP (TTP) for fixed DL power levels applied to AoA1 and each probe AoA2.m (with m = 1, …, M) is determined and the maximum JTP per grid point TTPAoA2,Pn is recorded. Subsequently, the 2nd DL (AoA2) is introduced on the AoA2 probe that yielded the maximum TTPAoA2 before the TJ2AS/J2AS is determined. 
· Step 2 (TJ2AS): Using the best AoA2 probe from step 1, perform a spherical coverage test similar to the legacy spherical coverage test, outlined in Clauses 7.3.4 and K.1.6 of [14]. Instead of EIS metric, the single-DCI scheme spherical coverage test is based on the Total Joint 2 AoA Sensitivity, discussed in the previous section, TJ2AS. 
A more detailed flow diagram for this single-DCI scheme test procedure is presented in Figure 4.
[image: ]
[bookmark: _Ref113608620]Figure 4: Flow diagram of test sequences for single-DCI scheme using parametric approach. 
The final metrics for this approach would be
· the (C)CDF of all Total Joint 2 AoA Sensitivity measurements, TJ2AS, determined and collected over the 3D sphere with N grid points
· the (C)CDF of the maximum TPAoA2 collected for each of the N grid points. 
[bookmark: _Ref118721657]Proposal 8: For single-DCI scheme with parametric test approach, select the 2 AoA spherical coverage test procedure outlined in Figure 4.
The test effort (primarily in terms of overall test time without taking positioning and switching times into account) is summarized in Table 5 separately for the two Joint 2 AoA Sensitivity approaches outlined in Table 4 for M AoA2 probes and P polarization combinations, i.e., up to 4: (AoA1q, AoA2q), (AoA1q, AoA2f), (AoA1f, AoA2q), (AoA1f, AoA2f). The test times considered here are merely approximate (actual test time depends on many factors and can be better than stated below) and estimated as follows:
· tEIS: average time for an EIS measurement (~45s)
· tJ2AS1: average time for a Joint 2 AoA Sensitivity measurement following approach #1, similar test time as EIS measurement (~tEIS=45s)
· tJ2AS2: average time for a Joint 2 AoA Sensitivity measurement following approach #2, (~1.5*tJ2AS1=67.5s)
· tdwell: dwell time (per 38.521-2: “BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete”) (~3s)
· tTP: average time for a TP measurement (~1s)
[bookmark: _Ref112747566]Table 5: Multi-AoA DL spherical coverage effort for parametric, single-DCI scheme
	[bookmark: _Ref112756073]Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single chain) 
	Effort/Test Time for 1-DL spherical coverage test
	Effort/Test Time for multi-AoA DL spherical coverage test

	
	
	
	
	Joint 2 AoA Sensitivity Approach #1
	Joint 2 AoA Sensitivity Approach #2

	PC1/PC3
	constant-step size
	312 (for multi AoA)
266 (for single AoA)
	266*2*(tEIS+ tdwell) ≈426min
	312*P*[tdwell +tJ2AS1 +M*(tdwell+tTP)] 
	312*P*[tdwell +tJ2AS2 +M*(tdwell+tTP)] 



The test times estimates for a few polarization combinations P and AoA2 probes M is tabulated in Table 6. Clearly, a significant test time increase can be noticed if all 4 polarization combinations are required; additionally, the joint 2 AoA sensitivity approach #2 corresponds to a noticeable increase in test time when compared to approach #1. On the other hand, the number of AoA2 probes does not have a significant impact on overall test time.
[bookmark: _Ref118300119]Table 6: Multi-AoA DL spherical coverage test time estimates for various number of polarization combinations, P, and AoA2 probes, M, and parametric, single-DCI scheme test approach
	[bookmark: _Ref118721652]Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N
	Number of Polarization Combinations P
	Number of AoA2 Probes M
	Test Time for multi-AoA DL multi-AoA spherical coverage test [min]

	
	
	
	
	
	Joint 2 AoA Sensitivity Approach #1
	Joint 2 AoA Sensitivity Approach #2

	PC1/PC3
	constant-step size
	312
	4
	4
	1331
	1799

	
	
	
	
	3
	1248
	1716

	
	
	
	
	2
	1165
	1633

	
	
	
	2
	4
	666
	900

	
	
	
	
	3
	624
	858

	
	
	
	
	2
	582
	816


[bookmark: _Ref127215101]Observation 3: The number of polarization combinations and the joint 2 AoA sensitivity approaches (single-DCI schemes) have a large effect on test time while the number of AoA2 probes does not affect test time significantly.
[bookmark: _Ref118721658]Proposal 9: In order to keep multi-AoA DL spherical coverage test times manageable for single-DCI scheme with parametric test approach, it is proposed to limit the number of polarization combinations to 2 and to select the 2 AoA sensitivity approach #1. 


Proposed Parametric Test Procedure for Multi-DCI Schemes
For the proposed measurement test setup, Setup 2a in [4], illustrated in Figure 3, a parametric test approach for multi-DCI is proposed that is adapted from the single-DCI approach proposed above. For multi-DCI schemes, the TP and EIS/sensitivities can be determined per AoA.
[bookmark: _Ref118721653]Observation 4: For multi-DCI schemes, TP and EIS/sensitivity can be determined per AoA.

[image: ]
Figure 5: Example multi-DCI scheme measurement setup with three AoA2 probes. 
In this example setup, the (fixed) probe locations, the number of probes, and probe type (DFF, IFF) are selected arbitrarily. In this measurement setup, all probe locations are fixed while the DUT is rotated in 3D using a 2-axis positioner (not illustrated). The 1st DL direction is introduced over the probe labelled AoA1 (typically oriented towards the z axis of the system) while the 2nd DL direction is introduced over any of the M (in this example, M=4) fixed probes labelled AoA2.m (with m = 1, …, M). 
The proposed spherical coverage measurement approach for multi-DCI scheme is as follows (per grid point):
· Step 1 (Selection of best AoA2.m probe): The AoA2 TP for fixed DL power levels applied to AoA1 and each probe AoA2.m (with m = 1, …, M) is determined and the maximum TP per grid point TPAoA2,Pn is recorded. Subsequently, the 2nd DL (AoA2) is introduced from the probe that yielded the maximum TPAoA2 before EISAoA1 is determined. 
· Step 2 (EISAoA1): Using the best AoA2 probe from step 1, perform a spherical coverage test similar to the legacy spherical coverage test, outlined in Clauses 7.3.4 and K.1.6 of [14]. 
[image: ]
[bookmark: _Ref118383803]Figure 6: Flow diagram of test sequences for multi-DCI scheme with parametric test approach. 
The final metrics for this approach would be
· AoA1: the (C)CDF of all EISAoA1 measurements collected over the 3D sphere with N grid points
· AoA2: the (C)CDF of the maximum TPAoA2 collected for each of the N grid points. 
[bookmark: _Ref118721659]Proposal 10: For multi-DCI scheme with parametric test approach, select the 2 AoA spherical coverage test procedure outlined in Figure 6.
The test effort (primarily in terms of overall test time without taking positioning and switching times into account) is summarized in Table 7 for M AoA2 probes. The test times considered here are merely approximate (actual test time depends on many factors and can be better than stated below) and estimated as follows:
· tEIS: average time for an EIS measurement (~45s)
· tdwell: dwell time (per 38.521-2: “BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete”) (~3s)
· tTP: average time for a TP measurement (~1s)
[bookmark: _Ref118384928]Table 7: Multi-AoA DL spherical coverage effort for parametric, multi-DCI scheme
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single chain) 
	Effort/Test Time for 1-DL spherical coverage test
	Effort/Test Time for multi-AoA DL spherical coverage test

	PC1/PC3
	constant-step size
	312 (for multi AoA)
266 (for single AoA)
	266*2*(tEIS+ tdwell) ≈426min
	312*2*[tEIS+ tdwell +M*(tdwell+tTP)]


The test times estimates for a few AoA2 probes M is tabulated in Table 8. The test times for the 2-DL multi-DCI scheme spherical coverage test are a little higher when compared to the 1-DL spherical coverage test case and the number of AoA2 probes does not have a significant impact on overall test time.
[bookmark: _Ref118384760]Table 8: Multi-AoA DL spherical coverage test time estimates for various number of polarization combinations, P, and AoA2 probes, M and parametric, multi-DCI scheme
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N 
	Number of AoA2 Probes M
	Test Time for multi-AoA DL spherical coverage test [min]

	PC1/PC3
	constant-step size
	312
	4
	666

	
	
	
	3
	624

	
	
	
	2
	582





Proposed Pass/Fail Test Procedure for Multi-DCI & Single-DCI Schemes
For the proposed measurement test setup, illustrated in Figure 7, a non-parametric test approach is proposed that is adapted from the single-DCI and multi-DCI approaches proposed above. Unlike the previous test approaches that yield verdict(s) supporting a differentiation of good vs bad performance, this test approach, adapted from [17], is tailored towards test time improvements and will result in a pass/fail verdict instead without the ability to rank devices.
[image: ]
[bookmark: _Ref127200978]Figure 7: Example measurement setup with three AoA2 probes supporting a non-parametric test approach. 
In this example setup, the (fixed) probe locations, the number of probes, and probe type (DFF, IFF) are selected arbitrarily. In this measurement setup, all probe locations are fixed while the DUT is rotated in 3D using a 2-axis positioner (not illustrated). The 1st DL direction is introduced over the probe labelled AoA1 (typically oriented towards the z axis of the system) while the 2nd DL direction is introduced over any of the M (in this example, M=3) fixed probes labelled AoA2.m (with m = 1, …, M). 
The proposed spherical coverage measurement approach (per grid point):
· Step 1 (Apply DL power level to AoA1&AoA2): Apply a fixed DL power level (referenced to center of QZ) to AoA1 that corresponds to the requirement defined in RAN4 WI. Apply the same DL level to the first AoA2 probe AoA2.m (with m = 1 out of M).
· Step 2 (Determine Pass/Fail verdict while sampling other AoA2.m if needed):
· [bookmark: _Hlk127530179]Multi-DCI: for the selected AoA1 & AoA2 combination, determine whether the TP for each AoA passes the min. required TP, i.e., a Pass verdict for the test point is issued if both TPs (TPAoA1 & TPAoA2.m) pass the TP requirement, otherwise, issue a conditional Fail verdict. Continue to the next AoA2.m if a conditional Fail verdict was obtained until a Pass verdict for any AoA2.m (with m = 1 out of M) was reached. Alternatively, if no Pass was recorded for any AoA2.m, issue a Fail verdict for the test point
· Single-DCI: for the selected AoA1 & AoA2 combination, determine whether the joint TP (JTP) passes the min. required TP, i.e., a Pass verdict is issued for the test point if JTPAoA1, AoA2.m passes the TP requirement, otherwise, issue a conditional Fail verdict. Continue to the next AoA2.m if a conditional Fail verdict was obtained until a Pass verdict for any AoA2.m (with m = 1 out of M) was reached. Alternatively, if no Pass was recorded for any AoA1 & AoA2.m combinations, issue a Fail verdict for the test point
A more detailed flow diagram for this non-parametric test procedure is presented in Figure 8.
[image: ]
[bookmark: _Ref127204021]Figure 8: Flow diagram of non-parametric test procedure. 
The final metrics for this approach would be
· For N grid points, Q pass verdicts were reached and N-Q fail verdicts were reached. 
[bookmark: _Ref127215102]Proposal 11: For the non-parametric test approach, select the multi-AoA spherical coverage test procedure outlined in Figure 8.
The test effort (primarily in terms of overall test time without taking positioning and switching times into account) is summarized in Table 7 for M AoA2 probes. The test times considered here are merely approximate (actual test time depends on many factors and can be better than stated below) and estimated as follows:
· tdwell: dwell time (per 38.521-2: “BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete”) (~3s)
· tTP: average time for a TP or JTP measurement (~1s)
Table 9: Multi-AoA DL spherical coverage effort for multi-DCI & single-DCI schemes based on non-parametric pass/fail verdicts 
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single DL)
	Effort/Test Time for 1-DL spherical coverage test
	Effort/Test Time for multi-AoA DL spherical coverage test

	PC1/PC3
	constant-step size
	312 (for multi AoA)
266 (for single AoA)
	266*2*(tEIS+tdwell)
	Min: 312*(tdwell+tTP)
Max: 312*P*M*(tdwell+tTP)



The test times estimates for a few AoA2 probes M is tabulated in Table 8. The test times for the multi-AoA multi-DCI scheme spherical coverage test are a little higher when compared to the 1-DL spherical coverage test case and the number of AoA2 probes does not have a significant impact on overall test time.
Table 10: Multi-AoA non-parametric spherical coverage test time estimates for various number of polarization combinations, P, and AoA2 probes, M
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single DL)
	Number of Polarization Combinations P
	Number of AoA2 Probes M
	Effort/Test Time for multi-AoA DL spherical coverage test [min]

	
	
	
	
	
	Minimum
	Maximum

	PC1/PC3
	constant-step size
	312
	4
	4
	21
	333

	
	
	
	
	3
	21
	250

	
	
	
	
	2
	21
	166

	
	
	
	2
	4
	21
	166

	
	
	
	
	3
	21
	125

	
	
	
	
	2
	21
	83




Approximate Test Time Estimates
In the previous sections it was shown that the test time for the multi-AoA DL spherical test depends on various aspects, e.g., 
· number of AoA2 probes
· number of polarization combinations (AoA1q, AoA2q), (AoA1q, AoA2f), (AoA1f, AoA2q), (AoA1f, AoA2f)
· single-DCI vs multi-DCI schemes
· parametric vs non-parametric test approach
The summary of test time estimates is tabulated in Table 11. Big differences in terms of test time/test efforts can be observed; as expected, the non-parametric test approach yields the lowest test time.
[bookmark: _Ref127208735]Table 11: Overview of Approximate Test Times
	Power Class
	Grid Type
	Test Approach
	Minimum Number of Spherical Coverage Test Points N
	Number of Polarization Combinations P
	Number of AoA2 Probes M
	Effort/Test Time for multi-AoA DL spherical coverage test [min]
	Notes

	
	
	
	
	
	
	Min
	Max
	

	PC1/PC3
	constant-step size
	Parametric single-DCI
	312
	4
	4
	1331
	1799
	Min/Max test time depends on Joint 2 AoA Sensitivity approach 

	
	
	
	
	
	3
	1248
	1716
	

	
	
	
	
	
	2
	1165
	1633
	

	
	
	
	
	2
	4
	666
	900
	

	
	
	
	
	
	3
	624
	858
	

	
	
	
	
	
	2
	582
	816
	

	PC1/PC3
	constant-step size
	Parametric multi-DCI
	312
	any
	4
	666
	N/A

	
	
	
	
	
	3
	624
	

	
	
	
	
	
	2
	582
	

	PC1/PC3
	constant-step size
	Non-Parametric single-DCI or multi-DCI
	312
	4
	4
	21
	333
	Min/Max depends on early Pass 

	
	
	
	
	
	3
	21
	250
	

	
	
	
	
	
	2
	21
	166
	

	
	
	
	
	2
	4
	21
	166
	

	
	
	
	
	
	3
	21
	125
	

	
	
	
	
	
	2
	21
	83
	


Given the large difference in test time, feedback from industry is requested whether the test approach for multi-AoA spherical coverage should be based on a parametric test (as legacy spherical coverage test case) or on a non-parametric test.
[bookmark: _Ref127531020]Proposal 12: Feedback from industry is requested whether the test approach for multi-AoA spherical coverage should be based on a parametric or a non-parametric test
Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: For single DCI schemes, only the total throughput (TP) can be measured, i.e., the TP and thus EIS metric cannot be determined per AoA.
Observation 2: From a TE vendor perspective, the Joint 2 AoA Sensitivity approach 1 (single-DCI scheme) is preferred ease of implementation, reduced test time, and lack of ambiguity
Observation 3: The number of polarization combinations and the joint 2 AoA sensitivity approaches (single-DCI schemes) have a large effect on test time while the number of AoA2 probes does not affect test time significantly.
Observation 4: For multi-DCI schemes, TP and EIS/sensitivity can be determined per AoA.
Proposal 1: For optimized AoA1 and AoA2 test point/perceived DL direction coverage, apply a full rotation in  and a half rotation in .
Proposal 2: For optimized AoA1 and AoA2 test point/perceived DL direction coverage, utilize constant-step size grids only.
Proposal 3: For optimized AoA1 and AoA2 test point/perceived DL direction coverage, place the AoA2 probes in the xz plane.
Proposal 4: OEMs and chipset vendors to comment on the directionality of the AoA1-AoA2 DL orientation vectors, e.g., whether reciprocity of the TRPs will tolerate the observed directionality.
Proposal 5: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors.
Proposal 6: OEMs and chipset vendors to provide feedback on the 2 presented Joint 2 AoA Sensitivity approaches in Table 4 for single-DCI schemes and whether two different AoA1 and AoA2 DL levels can yield the same target total TP.
Proposal 7: OEMs and chipset vendors to provide feedback on how the Total Joint 2 AoA Sensitivity, TJ2AS, is determined from the Joint 2 AoA Sensitivities for each polarization combination, i.e., . TJ2AS = f(J2ASAoA1q, AoA2q, J2ASAoA1q, AoA2f, J2ASAoA1f, AoA2q, J2ASAoA1f, AoA2f)
Proposal 8: For single-DCI scheme with parametric test approach, select the 2 AoA spherical coverage test procedure outlined in Figure 4.
Proposal 9: In order to keep multi-AoA DL spherical coverage test times manageable for single-DCI scheme with parametric test approach, it is proposed to limit the number of polarization combinations to 2 and to select the 2 AoA sensitivity approach #1.
Proposal 10: For multi-DCI scheme with parametric test approach, select the 2 AoA spherical coverage test procedure outlined in Figure 6.
Proposal 11: For the non-parametric test approach, select the multi-AoA spherical coverage test procedure outlined in Figure 8.
Proposal 12: Feedback from industry is requested whether the test approach for multi-AoA spherical coverage should be based on a parametric or a non-parametric test
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