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1. Introduction
This contribution outlines our views on system parameter assumptions for multi-AoA reception testing. 
2. [bookmark: _Ref31104997]Discussion
In [1], 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 [2] with testability aspects to eventually enable testing of 4-layer MIMO reception which states [2]:
	“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.”


The main focus in the Rel-18 WI and SI is to enable new spherical coverage requirements/testing for devices with simultaneous reception from 2 AoAs. In the SI agenda, various offset options, measurement setups, and various testing considerations were investigated in [3]. The three different offset options are summarized in Table 1 while the various measurement setups are summarized in Table 2. A thorough analysis of the various options yielded the following proposals
	Proposal 3: Consider the measurement setup option 2a, summarized in Table 4, as baseline for multi-Rx UE RF testing
Proposal 5: Do not consider the measurement setup option 2b using FF probes, summarized in Table 6, for multi-Rx UE RF testing for the same reasons the full degrees of freedom for both AoAs is no longer pursued.
Proposal 6: Do not consider the measurement setup option 2b using FF and NF probes, summarized in Table 7, for multi-Rx UE RF testing.
Proposal 8: Do not consider the measurement setup option 2c, summarized in Table 8, for multi-Rx UE RF testing
Proposal 10: Do not consider the measurement setup option 3, summarized in Table 9, for multi-Rx UE RF testing
Proposal 11: Do not consider the measurement setup option 4 for multi-Rx UE RF testing





[bookmark: _Ref118212476]Table 1: Illustration of offset options 1 through 3 with sample DUT and sample 2 AoA system architecture
	DUT Orientation 
(q, f)
	Offset Option 1
	Offset Option 2
	Offset Option 3

	(0°, 0°)
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	(45°, -45°)
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[bookmark: _Ref118212696]Table 2: Illustration of Measurements Setup Options 2a, 2b, 2c, and 3 for UE RF Testing 
	
	Setup Option 2a
	Setup Option 2b
	Setup Option 2c
	Setup Option 3

	Description
	Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2
	Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2
	Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2, e.g., Relative angular separation between Anchor and DUT kept constant in Theta but not Phi
	Full rotational freedom for AoA1 and with fixed single (or two) AoA(s) as an anchor

	Example Illustrations
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	Offset Option
	Option 1
	Option 2
	Option 3
	Option 3



3. Polarization Combinations/Permutations
No decision has been made yet on the polarization combinations/permutations necessary for AoA1 and AoA2 [12]. Four different combinations for the 2-DL Rx test are possible as illustrated in Table 3 for AoA1 and AoA2 placed within the yz plane and in Table 4  for AoA1 and AoA2 placed within the xz plane, i.e., (AoA1q, AoA2q), (AoA1q, AoA2f), (AoA1f, AoA2q), (AoA1f, AoA2f). 
[bookmark: _Ref117783879]Table 3: Possible Polarization Combinations/Permutations between AoA1 and AoA2 with probes within yz 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


[bookmark: _Ref118316367]


[bookmark: _Ref118727808]Table 4: 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 [12] 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 1: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors. 

4. DL Directions/Polarizations Perceived by DUT
This section investigates the DL directions perceived by the DUT from AoA1 and AoA2 for a couple different sample systems. The first sample system with three different probe locations as shown in Figure 1 is investigated to provide more detailed justification to define absolute probe locations/directions for multi-AoA UE RF testing. The sample implementation has a 2-axis positioning system for the DUT to implement a 3D scan and three probes in the x, y, and z axes with the assumption that AoA1 is along z and AoA2 along x or y. The DL directions perceived by the DUT from each probe are illustrated with red, green, and red spheres on the DUT grid in the x, y, and z directions, respectively, for this initial test condition of (q, f) = (0°, 0°).
[image: ]
[bookmark: _Ref117853710]Figure 1: Sample Measurement Setup with three fixed probe locations for initial test condition of (0°, 0°)
It is now assumed that the test points in 3D are based on a constant-step size grid with 266 unique grid points (Dq=Df=15°), i.e., as defined for PC1 & PC3 spherical coverage test cases for 1-DL in Clause 5.3 of [11], or on a constant density grid with 200 unique grid points, i.e., as defined for PC1 spherical coverage test cases for 1-DL in Clause 5.3 of [11]. These grid points are visualized in Table 5.
For the sample multi-AoA system investigated, the angular difference between AoA1 (z direction) and AoA2 (x direction) and between AoA1 (z direction) and AoA2 (y direction) is 90° in both cases. One could seemingly argue that the roll motor of the DUT (rotation around the DUT z axis) makes it irrelevant whether AoA2 is along the y or the x axis. However, once the device is rotated in 3D, i.e., q and f, this argument is no longer applicable which is further analysed and illustrated below. For a second sample device orientation of (q, f) = (45°, -45°), the perceived DL directions are illustrated on the rotated DUT grid in Figure 2. Clearly, a 90° rotation of the device around its z axis would no longer map the green sphere onto the red sphere.
[image: ]
[bookmark: _Ref117861224]Figure 2: Sample measurement setup with three fixed probe locations for test condition of (45°, -45°)

[bookmark: _Ref118211361]Table 5: Visualization of spherical coverage grid points
	Constant-step size grid with 266 unique grid points (Dq=Df=15°)
	Constant density grid with 200 unique grid points

	[image: ]
	[image: ]



When all spherical coverage grid points are sampled, the DL directions perceived by the UE from the various probes are plotted in Table 6. Clearly, these results show vastly different results. 
· For the probe aligned with the z axis, the perceived DL directions match the test points. 
· For the probe aligned with the y axis, the DUT only perceives the DL in a single plane only, i.e., the DUT’s xy plane. This is due to the turntable axis of the OTA positioner aligned with the y axis, i.e., the turntable rotation merely changes the polarization but not the DL direction with this probe. The roll motor, i.e., the rotation of the DUT around its z axis, only adjusts the DL direction within the xy plane. 
· For the AoA2 probe aligned with the x axis, the DL directions are perceived from different directions in (q, f) but limited to a single hemisphere only. 
The plots of the perceived DL directions from different, fixed probes demonstrate the need to define the absolute probe locations/directions for UE RF systems.
[bookmark: _Ref118721648]Observation 1: Fixed AoA2 probes yield different DL directions perceived by the DUT. 
[bookmark: _Ref117861508][bookmark: _Ref118215632][bookmark: _Ref118719063]Table 6: DL direction perceived by the DUT from probes in the x, y, and z axes.
	Probe Along Direction
	DL Directions perceived by DUT with constant-step size grid with 266 unique grid points (Dq=Df=15°)
	DL Directions perceived by DUT with constant density grid with 200 unique grid points

	z
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	y
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	x
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Next, the DL directions perceived by the DUT from three different AoA2 probes displaced by 60°, 120°, and 150° are displaced from the AoA1 probe in the z direction. One system configuration has the AoA2 probes aligned in the xz plane and another system configuration has the AoA2 probes aligned in the yz plane. The system configuration and the perceived DL directions are further illustrated in Table 7 for a constant-step size grid with 266 unique grid points and in Table 8 for a constant density grid with 200 grid points. These results show that probes aligned in the xz plane generally provide a wider angular coverage when compared to probes aligned in the yz plane 
[bookmark: _Ref118721649]Observation 2: Probes aligned in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes aligned in the yz plane. 
The DL polarizations received from the DUT are investigated next for the constant-step size grid only. For better visualization purposes, a coarser measurement grid with 62 unique points (Dq=Df=30°) is considered. The DL directions and polarizations perceived by the DUT for a sample system with the AoA1 probe in the z direction and AoA2 probes in the x and y directions are presented in Table 9. The magenta arrows demonstrate the q polarization while the orange arrows demonstrate the f polarization with respect to the probe antenna/system coordinate system. Clearly, for the probes placed in the z and x directions, the DL polarizations w.r.t. the DUT coordinate system are preserved, i.e., the probe antenna DL q/f polarization matches the DUT q/f polarization. However, for the probe along the y axis, the DL polarization perceived by the DUT changes depending on grid point. Similar observations can be made for a system configuration with multiple AoA2 probes placed on the xz and the yz planes as illustrated in Table 10. These results show that the probe antenna DL q/f-polarizations from AoA2 probes (w.r.t. the system coordinate system) are preserved only when the AoA2 probes are placed in the xz plane, i.e., antenna DL q/f polarizations map to DUT q/f polarizations, while this is no longer the case for AoA2 probes are placed in the yz plane, i.e., probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
[bookmark: _Ref118453592]Observation 3: When the AoA2 probes are placed in the xz plane, probe antenna DL q/f polarizations map to DUT q/f polarizations, while when AoA2 probes are placed in the yz plane, probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
From a TE vendor perspective, it would seem that the most “real-world” behaviour required the antenna DL polarizations to match the perceived UE DL polarizations but OEM/chipset vendors feedback is requested for confirmation. 
[bookmark: _Ref118453593]Observation 4: From a TE vendor perspective, the most “real-world” behaviour would require the antenna DL polarizations to match the perceived UE DL polarizations
[bookmark: _Ref118453594]Proposal 2: OEMs and chipset vendors to provide feedback on whether the antenna DL polarizations should match the perceived UE DL polarizations


[bookmark: _Ref118128266]Table 7: DL direction perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size spherical coverage grid using 266 unique grid points
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
	[image: ]
	[image: ]

	DL Directions perceived by DUT from Probe P60
	[image: ]
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	DL Directions perceived by DUT from Probe P120
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	DL Directions perceived by DUT from Probe P150
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[bookmark: _Ref118317277]


[bookmark: _Ref118719289]Table 8: DL direction perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant density spherical coverage grid using 200 grid points
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
	[image: ]
	[image: ]

	DL Directions perceived by DUT from Probe P60
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	DL Directions perceived by DUT from Probe P120
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	DL Directions perceived by DUT from Probe P150
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[bookmark: _Ref118719376]Table 9: DL direction and polarizations perceived by the DUT from probes in the x, y, and z axes.
	
	DL Directions perceived by DUT with constant-step size grid with 62 unique grid points (Dq=Df=30°)

	System Configuration
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	DL Directions and Polarizations perceived by DUT from Probe along z
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	DL Directions and Polarizations perceived by DUT from Probe along y
	[image: ]

	DL Directions and Polarizations perceived by DUT from Probe along x
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[bookmark: _Ref118719450]Table 10: DL direction and polarizations perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size spherical coverage grid using 62 unique grid points
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
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	DL Directions and Polarizations perceived by DUT from Probe P60
	[image: ]
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	DL Directions and Polarizations perceived by DUT from Probe P120
	[image: ]
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	DL Directions and Polarizations perceived by DUT from Probe P150
	[image: ]
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5. (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 5: 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 [12] and further discussed in [13] refer to this sensitivity level as the ‘Joint 2 AoA Sensitivity’. 
Here, two possible ‘Joint 2 AoA Sensitivity’ approaches are highlighted in Figure 3 and Figure 4, respectively with the differences outlined in Table 11.
[image: ]
[bookmark: _Ref117785703]Figure 3: 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 4: 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 11: 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 6: 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 3: OEMs and chipset vendors to provide feedback on the 2 presented Joint 2 AoA Sensitivity approaches in Table 11 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 4: 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)


6. Proposed Test Procedure for Single-DCI Schemes
For the proposed measurement test setup, Setup 2a in [3], illustrated in Figure 5, a test approach for single-DCI schemes is proposed that is similar to the one proposed in [4]. 
[image: ]
[bookmark: _Ref112743364]Figure 5: Example single-DCI scheme measurement setup (setup option 2a [3]). 
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 [11]. 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 6.
[image: ]
[bookmark: _Ref113608620]Figure 6: Flow diagram of test sequences for single-DCI scheme. 
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 5: For single-DCI scheme, 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 12 separately for the two Joint 2 AoA Sensitivity approaches outlined in Table 11 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 12: 2-DL spherical coverage effort for single-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 2-DL multi-AoA spherical coverage test

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

	PC1
	constant-step size 
	200
	200*2*(tEIS+ tdwell) ≈320min
	200*P*[tdwell +tJ2AS1 +M*(tdwell+tTP)] 
	200*P*[tdwell +tJ2AS2 +M*(tdwell+tTP)] 

	PC3
	constant-step size
	180
	180*2*(tEIS+ tdwell) ≈288min
	180*P*[tdwell +tJ2AS1 +M*(tdwell+tTP)] 
	180*P*[tdwell +tJ2AS2 +M*(tdwell+tTP)] 

	PC1/PC3
	constant density
	266
	266*2*(tEIS+ tdwell) ≈426min
	266*P*[tdwell +tJ2AS1 +M*(tdwell+tTP)] 
	266*P*[tdwell +tJ2AS2 +M*(tdwell+tTP)] 


[bookmark: _Ref112756073]
The test times estimates for a few polarization combinations P and AoA2 probes M is tabulated in Table 13. 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 13: 2-DL spherical coverage test time estimates for various number of polarization combinations, P, and AoA2 probes, M and single-DCI scheme
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single DL)
	Number of Polarization Combinations P
	Number of AoA2 Probes M
	Test Time for 2-DL multi-AoA spherical coverage test [min]

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

	PC1/PC3
	constant-step size
	266
	4
	4
	1135
	1534

	
	
	
	
	3
	1064
	1463

	
	
	
	
	2
	993
	1392

	
	
	
	2
	4
	567
	767

	
	
	
	
	3
	532
	732

	
	
	
	
	2
	497
	696


[bookmark: _Ref118721652]Observation 7: 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 6: In order to keep 2-DL multi-AoA spherical coverage test times manageable for single-DCI schemes, it is proposed to limit the number of polarization combinations to 2 and to select the 2 AoA sensitivity approach #1. 


7. Proposed Test Procedure for Multi-DCI Schemes
For the proposed measurement test setup, Setup 2a in [3], illustrated in Figure 5, a 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 8: For multi-DCI schemes, TP and EIS/sensitivity can be determined per AoA.

[image: ]
Figure 7: Example multi-DCI scheme measurement setup (setup option 2a [3]). 
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 [11]. 
[image: ]
[bookmark: _Ref118383803]Figure 8: Flow diagram of test sequences for multi-DCI scheme. 
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 7: For multi-DCI scheme, select the 2 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 14 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 14: 2-DL spherical coverage effort for 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 2-DL spherical coverage test

	PC1
	constant density
	200
	200*2*(tEIS+ tdwell) ≈320min
	200*2*[tEIS+ tdwell +M*(tdwell+tTP)] 

	PC3
	constant density
	180
	180*2*(tEIS+ tdwell) ≈288min
	180*2*[tEIS+ tdwell +M*(tdwell+tTP)]

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



The test times estimates for a few AoA2 probes M is tabulated in Table 15. 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 15: 2-DL multi-AoA spherical coverage test time estimates for various number of polarization combinations, P, and AoA2 probes, M and multi-DCI scheme
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single DL)
	Number of AoA2 Probes M
	Test Time for 2-DL spherical coverage test [min]

	PC1/PC3
	constant-step size
	266
	4
	567

	
	
	
	3
	532

	
	
	
	2
	497





8. Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: Fixed AoA2 probes yield different DL directions perceived by the DUT.
Observation 2: Probes aligned in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes aligned in the yz plane.
Observation 3: When the AoA2 probes are placed in the xz plane, probe antenna DL q/f polarizations map to DUT q/f polarizations, while when AoA2 probes are placed in the yz plane, probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
Observation 4: From a TE vendor perspective, the most “real-world” behaviour would require the antenna DL polarizations to match the perceived UE DL polarizations
Observation 5: 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 6: 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 7: 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 8: For multi-DCI schemes, TP and EIS/sensitivity can be determined per AoA.
Proposal 1: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors.
Proposal 2: OEMs and chipset vendors to provide feedback on whether the antenna DL polarizations should match the perceived UE DL polarizations
Proposal 3: OEMs and chipset vendors to provide feedback on the 2 presented Joint 2 AoA Sensitivity approaches in Table 11 for single-DCI schemes and whether two different AoA1 and AoA2 DL levels can yield the same target total TP.
Proposal 4: 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 5: For single-DCI scheme, select the 2 AoA spherical coverage test procedure outlined in Figure 6.
Proposal 6: In order to keep 2-DL multi-AoA spherical coverage test times manageable for single-DCI schemes, it is proposed to limit the number of polarization combinations to 2 and to select the 2 AoA sensitivity approach #1.
Proposal 7: For multi-DCI scheme, select the 2 AoA spherical coverage test procedure outlined in Figure 8.
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Notes:

* AoA1 placed at DFF range length
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Notes:

* AoA1 and Anchor probes in FF

*  Full degrees of freedom for Anchor
probe
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Anchor and DUT is kept constant
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Notes:
* AoA1 in FF; Anchor in NF
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Notes:

+ AoA1 in FF, while AoA2s/Anchors in NF

* AoA2/Anchor probes installed on 6 positioner of DUT, i.e.,
anchor probes rotate in 0 together with DUT (TSI
arrows)

» AoA2/Anchor probes do not rotate in ¢, i.e., DUT rotates
in ¢ (purple arrows) with anchor probes fixed in ¢

» Relative angular separation between NF AoAs/Anchors
and DUT kept constant in 6 but not ¢ during the test
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Notes:

+ AoA1 in FF, while Anchor in NF

» Anchor probe installed on 6 positioner of DUT,
i.e., anchor probe rotates in 0 together with
DUT (R arrows)

»  Anchor probe does not rotate in ¢, i.e., DUT
rotates in ¢ (purple arrows) with anchor probe
fixed in ¢
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and DUT kept constant in 6 but not ¢ during the
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Alignment Option 1 - DUT Orientation 1
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (9, ¢) = (45.0°, -45.0°)
Motor Coordinates (AZ, Roll) = (45.0°, -45.0°)
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Setup 2-DL MIMO connection with AocA1 and any of the M AoA2.m probes
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¥

Selectm=1 (AoA2 Probe #)

¥

Introduce 2-DL MIMO connection on AoA1 and AoA2.m on selected

polarization combination (Pol1,Pol2) and introduce fixed DL power levels on
AoA1 and AoA2.m (at center of QZ); pause for ty,e, for UE beam to form

i

Measure Total TP (TTP) using AoA1 & AoA2.m probe and record measurement, e.g., TTPaoa2 m poi1 Poi2.Pn

¥
Increase mby 1 (until m=M+1)

¥
Record best TTP for AoA2 at grid point P,, i.e.,
TTPaoa2 poit,poiz.pn = MAX(TTPaoa2 1.poit otz pas -5 TTPaoa2 upolt poizPr)
¥
Introduce 2-DL MIMO connection on AoA1 and that AocA2.m probe and selected polarization
combination (Pol1,Pol2) which yielded the best TTP on AoA2; pause for fy,e, for UE beam to form
L 2
| Determine Joint 2 AoA Sensitivity, J2ASpo poi2. pn
¥
Advance the polarization combination # by 1
#1: (Pol1,Pol2) = (AoA1s, AoAZ,)
#2: (Pol1,Pol2) = (AoA1s, AoA2,)

#3: (Pol1,Pol2) = (AoA1,, AoA2,)
#4: (Pol1,Pol2) = (AoA1,, AoA2,)
(until combination #4 has been completed)

¥

Determine Total Joint 2 AcA Sensitivity, TJ2ASg,, from the respective
J2ASpoi1 poiz pn Measurements (4 polarization combinations)

¥

Increase nby 1 (until n=N+1)

¥
Post Process the results:
(C)CDF of {TJ2ASe,, ..., TJ2ASp}
(C)CDF of {TTPaon2 aoate Aca26 p1,

TTPaoa2 AcA16,A0A20 P





image64.png
Optional Metric:
CDF of Best TP {TPaoa2p1s ---» TPacazpn}

Key/Normative Metric:
CDF of {ElSp4, ..., EISp\}




image65.png
Setup 2-DL MIMO connection with AocA1 and any of the M AoA2.m probes
¥
Selectn=1 (number of grid point point) |

Select test/grid point P, (out of N fixed grid points) and setup

positioning system(s) accordingly

¥

Select initial AoA DL polarization to Pol2 = AoA2;; DL polarization of AoA1 is arbitrary

¥

Selectm=1 (AoA2 Probe #)

¥

Introduce 2-DL MIMO connection on AoA1 and AoA2.m on selected
polarization combination (Pol1,Pol2) and introduce fixed DL power levels on

AoA1 and AoA2.m (at center of QZ); Pause for fy,., for UE beam to form

)

Measure TP on AocA2.m probe and record measurement, e.9., TPaoa2 m poi2.pn

¥
Increase mby 1 (until m=M+1)
¥
Record best TP for AoA2 at grid point Py, i.e.,
TP oz poizpn = MaX(TPaoaz 1.poi2.ons -+ TP aoaz m,polz.pn) OF
¥

Advance the polarization of AcA2 # by 1
#1:Pol2 = AcA2;

#2: Pol2 = AcA2,
(until combination #2 has been completed)

Introduce 2-DL MIMO connection on AoA1 and that AocA2.m probe and select
polarization Pol2 which yielded the best TP on AcA2

i

Determine averaged EIS on AoA1 similar to K.1.4 of TS 38.521-2
ElSs0a1,pn = 2*[1/EIS p(P0lgess 40417 POlink 2041=6) +1/EIS p,(P0lteas a0a1=0 POlrini oa1=9)]

¥

Increase nby 1 (until n=N+1)

¥

Post Process the results:
CCDF of {ElSx0a1p1, ---» EISaoat,en}
(C)CDF of {TPaoa2 aoszs.p1 -

, TP aoa2 aoa2s P





