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Introduction
This contribution outlines our views on system parameter assumptions for multi-AoA reception testing. Most aspects are very 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 the last two meetings, various important decisions were made to progress the multi-RX chain DL reception testing and system aspects [5][6][7][8]. 
This contribution addresses various open topics that were discussed last meeting without any conclusion [5][6]. 
UE Orientation
For FR2 UE RF testing, different UE orientations are permissible for testing, i.e., Alignment Options 1, 2, and 3 as outlined in [10] in Clause N.2. 
	Table N.2-1: Test conditions and angle definitions for smartphones and tablets for Alignment Option 1
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space DUT Orientation 1 (default)
	α = 0º;
β = 0º;
γ = 0º
	θLink;
ϕLink
with polarization reference PolLink = θ or 
ϕ
	θMeas;
ϕMeas
with polarization reference 
PolMeas = θ or 
ϕ
	[image: DUTalignment01_trimetric_Matricesv1]



Table N.2-2: Test conditions and angle definitions for smartphones and tablets for Alignment Option 2
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space
DUT Orientation 1 (default)
	α = 0º;
β = -90º;
γ = 0º
	θLink;
ϕLink
with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas
with polarization reference 
PolMeas = θ or 
ϕ
	[image: DUTalignment02_trimetric_Matricesv1]



Table N.2-3: Test conditions and angle definitions for smartphones and tablets for Alignment Option 3
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space
DUT Orientation 1 (default)
	α = 90º;
β = 0º;
γ = 0º
	θLink;
ϕLink
with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas
with polarization reference 
PolMeas = θ or 
ϕ
	[image: DUTalignment03_trimetric_Matricesv1]






For UE RF testing with a single feed probe (generally in the z direction), the selection of any of these orientations has no impact on the test results (peak EIRP/EIS, spherical coverage CDF, TRP, etc) ignoring any fixturing impact on the performance.

[bookmark: _Ref131973731]Observation 1: FR2 UE RF test cases allow multiple alignment options; the selection of any of the orientations has no impact on the test results
For FR2 multi-AoA UE RRM testing, absolute probe locations are not defined and necessary (“The absolute position of the probes is left up to implementation” per [11]) and given that most RRM testing are based on pass/fail verdicts using multiple iterations (arbitrary selection of angular offsets), any of the above UE orientation is permitted. 

[bookmark: _Ref127165355]For FR2 NR MIMO testing, absolute probe locations are defined [12] and the test verdict is based on parametric testing, i.e., MASC defined in [13], which is closely aligned to FR2 multi-Rx testing. For these test cases, only a single device orientation is permitted [12].
	[bookmark: _Ref355093747][bookmark: _Ref355095517]Table A.3-1: Summary of possible DUT positioning options
	Testing condition
	DUT orientation angles
	Diagram

	XY plane or P0 Orientation 1 (default)
	α=0;
β=0;
γ=0
	[image: ]





[bookmark: _Ref131973732]Observation 2: FR2 NR MIMO testing where absolute probe locations are defined and where the test verdict is based on parametric testing, only a single device orientation is permitted
It is expected that different device orientations/alignment options yield different multi-AoA spherical coverage test results and whether an augmentation of the test system/AoA directions allows those differences to be de-embedded would need detailed investigations from OEMs. 
[bookmark: _Ref131971795][bookmark: _Ref131973733]Proposal 1: OEMs to determine whether different device orientations/alignment options yield different multi-AoA spherical coverage test results and what augmentations of the test system/AoA directions are necessary to de-embed those differences
Regardless of the outcome of Proposal 1, to avoid any additional system complexities and potentially test-time increases required for orientation de-embedding, it is proposed to define just a single permitted DUT orientation/alignment option for FR2 multi-Rx testing.
[bookmark: _Ref131973734]Proposal 2: Define just a single permitted DUT orientation/alignment option for FR2 multi-Rx testing. 
Weighting of AoA Pairs
In the last meeting, it was decided to use the constant-step size grids, e.g., [7]
	Issue 1-1-6: Grids for 3D scan
· Proposals
· Option 1 (QC, Keysight): Use constant step size grid
· Option 2: Specify other option if any
· Agreements:
· Option 1 is agreed


and [8] 
	· For optimized AoA1 and AoA2 test point/perceived DL direction coverage, utilize constant-step size grids only.


For legacy spherical coverage, the PDF needs to be scaled by either sin(q) or Clenshaw-Curtis weights W(q), e.g., Clause K.1.5.0 [10]
	When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(q) or the normalized Clenshaw-Curtis weights W()/W(90°), introduced in Section M.4.2.1, to account for the denser grid point distribution near the poles.


For FR2 multi-Rx testing that is not based on counting pass/fail verdicts, it is therefore proposed to apply similar corrections, i.e., scale the PDF probability contribution for each combination of AoA1&AoA2 by sin(qAoA1)*sin(qAoA2) or the normalized Clenshaw-Curtis weights W(qAoA1)/W(90°)* W(qAoA2)/W(90°)
[bookmark: _Ref131973735]Proposal 3: For FR2 multi-Rx testing not based on counting pass/fail verdict but based on probability contributions instead, apply a theta-dependent correction, i.e., scale the PDF probability contribution for each combination of AoA1&AoA2 by sin(qAoA1)*sin(qAoA2) or the normalized Clenshaw-Curtis weights W(qAoA1)/W(90°)*W(qAoA2)/W(90°)


Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: FR2 UE RF test cases allow multiple alignment options; the selection of any of the orientations has no impact on the test results
Observation 2: FR2 NR MIMO testing where absolute probe locations are defined and where the test verdict is based on parametric testing, only a single device orientation is permitted
Proposal 1: OEMs to determine whether different device orientations/alignment options yield different multi-AoA spherical coverage test results and what augmentations of the test system/AoA directions are necessary to de-embed those differences
Proposal 2: Define just a single permitted DUT orientation/alignment option for FR2 multi-Rx testing.
Proposal 3: For FR2 multi-Rx testing not based on counting pass/fail verdict but based on probability contributions instead, apply a theta-dependent correction, i.e., scale the PDF probability contribution for each combination of AoA1&AoA2 by sin(qAoA1)*sin(qAoA2) or the normalized Clenshaw-Curtis weights W(qAoA1)/W(90°)*W(qAoA2)/W(90°)
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