3GPP TSG-RAN WG4 Meeting # 106bis-e	R4-2304679
Online, April 17 – April 26, 2023

Agenda Item:			5.3.2
Source:					Qualcomm Incorporated
Title:                        Discussion on test method for FR2 multi-Rx UE
Document for:		Approval
Introduction
In RAN4#106, the test methods for RF/RRM/Demodulation for FR2 multi-Rx UE were discussed and the WF was approved in [1]. In this meeting, we provide our views on the test method for UE RF/RRM/Demodulation. 
Test method for UE RF
Bias remains in agreed TE constraints [3]
Background of problem
In a companion presentation [2], we proposed the UE RF requirement metric along with the supporting mathematical background (‘overall probability to support 2TRP DL’). We also evaluated multiple UE design choices and orientations under the agreed TE constraints [3]. A significant conclusion [2] is reproduced here and applies to mDCI as well as sDCI:
Observation 1: Sensitivity of calculated probability to support 2TRP DL to UE module orientation relative to the UE reference coordinate system suggests that the agreed TE constraints retain sources of bias despite previous agreements [3].
The bias can be traced back to the agreed TE constraints that only tests the UE for AoA pairs that lie along longitudes in the UE reference coordinate system defined by the motion of the positioner. See figure 2.1.1-1. Recall that another source of bias, not testing for all AoA pairs that the TE was capable of, was eliminated with agreement to evaluate over + and -AoA separations and ensuring the same grid for both sources [3]. The bias evident in the study in [2] is from a different mechanism, namely the limitation to test only those AoA pairs that lie along longitudes. Figure 2.1.1-1: AoA pairs lie along longitudes of the UE spherical reference coordinate system with the previously agreed TE with the legacy 2-axis positioner.
Red dots are grid point locations where the regional probability is calculated. 
For each grid point location, the companion AoA associated with the other TRP is along the direction indicated by the blue segments for the legacy 2-axis positioner. 



A conceptual solution
In [2] we define ‘regional probability’ as the probability that the UE can support 2TRP DL when the direction of one of the TRPs is fixed to an AoA or region. The overall probability (equivalent to ‘coverage’ for 2RTP) is calculated as the spatial average of regional probabilities on the sphere. The mathematical formulation [2] helps establish that RAN4 retain the flexibility to dissociate the grid points where the ‘regional probabilities’ are calculated from the locations of the paired AoAs for each grid point.  This flexibility can be used to diversify the collection of AoA pairs used to calculate regional probability. This diversification in turn can be accomplished by using a 3-axis positioner in the agreed TE system rather than the legacy 2-axis positioner. Figure 2.1.2-1 shows the intended goal of the added degree of freedom from the UE’s perspective. 
Recall that the legacy 2-axis positioner, in combination with a complementary sweep or +/-AoAsep scan and constant step-size grid is only able to pair each grid point to AoAs along the blue arrows, respectively. The 3-axis positioner is intended to allow each grid point to be additionally paired with AoAs along the green arrows (number of green arrows is not crucial yet).Figure 2.1.2-1: Scheme to combat bias introduced by AoA pairs limited to lie along longitudes of agreed grid.
v
The intent is to sample the outcomes in spatially uniform directions to reduce bias.
The orange circle represents the set of all AoAs that are separated from the evaluation grid location by some fixed AoA separation.

Since each grid point can now be tested with multiple AoA pairs in each sweep,  another benefit becomes evident: The complementary pair sweep or the need to combine data from two separate scans (+AoAsep and -AoAsep) would no longer be necessary. This benefit is discussed further in section 2.1.6.
The multiple-AoA-pair sweep at each grid point also has the impact of sweeping the polarization at each grid point, although there would be a fixed relationship between the DL polarization from both sources. This benefit is discussed separately in section 2.1.4.
Simulated test runs with a UE with modules on adjacent faces shows that the proposed concept indeed addresses the bias problem. Results from [2] are excerpted below. ‘D’ referenced in the figures is used in the sense of degree of freedom of the positioner, rather than spatial dimension. HH or VV refer to beam scanning directions for both modules, each assumed to be 4x1, please refer to [2] for a graphical representation.
Figure 2.1.2-2: Bias removal using a 3-axis positioner.
Reproduced from Figure 2.3.3.2-1 [2]: Bias from using a legacy 2-axis positioner.
Positioner upgrade

An implementation direction
[bookmark: _Hlk131869291]The basic idea of this type of 3-axis positioner is an ‘inside’ 2-axis positioner that has similar functionality to the legacy positioner mounted to a fixed ‘outside’ roll-motor (‘outside’ to indicate it is not part of the positioner that would implement the basic scan). The ‘inside’ 2-axis positioner could be implemented as a azimuth-roll set-up (legacy geometry), an elevation-azimuth type positioner or other equivalent type. The ‘fixed’ aspect of the outside roll-motor refers to the fact that its stator would be statically positioned relative to the source locations, with its shaft axis pointed at one of the sources. This target source’s  AoAs define the grid where ‘regional probabilities’ are calculated. The figure in 2.1.3-1 helps visualize the grid points as well as the desired AoA pairs associated with each grid point, i.e. those that would be used to calculate the regional probability.Red dots are grid point locations where the regional probability is calculated. 
For each grid point location, a configurable number of AoA pairs is possible with a 3-axis positioner. Example shown with 6 pairs (blue segments indicate directions of  test AoA pairs, second source locations suppressed  for simplicity)
Figure 2.1.3-1: Visualization of AoA pairs associated with each point with the proposed 3-axis positioner.

The figure in 2.1.3-2 helps visualize the concept of the 3-axis positioner that implements the strategy to remove bias. The blue and the green shafts represent the ‘inside’ 2-axis positioner, and they are together mounted on the outside roll motor shaft (red items). Two options are shown for the implementation of the ‘inside’ 2-axis positioner: azimuth-elevation and azimuth-roll. The latter option allows continuity with the legacy positioner grid and geometry. Detail design work is needed to adequately hide the motors to reduce the prospect of blockage, as well as other details like bringing the articulation axes closer; these are up to TE implementation. In either implementation the ‘outside’ roll motor is ground referenced like the sources and points to one of them, say S1 (grey body in the figures below). 

‘Outside’ roll motor axis is fixed towards one of the sources. It is actuated for multiple AoA pairs at same grid point.
‘inside’ 2-axis positioner mounted to roll motor, implemented as azimuth-elevation.
Towards one of the sources ‘S1’ at P0
Figure 2.1.3-2: Bias reducing 3-axis positioner concepts.
Objects are color-coded to indicate rigid inter- connection.
 
‘inside’ 2-axis positioner mounted to roll motor, implemented as azimuth-roll.
Towards one of the sources ‘S1’ at P0

The sequence of actuation can be considered equivalent to the following: 
1. The outside roll motor starts off at the zero-rotation location (as shown) and the ‘inside’ 2-axis positioner (blue and green axes) mounted to the roll motor is used to move S1 to the desired grid point from the UE’s perspective. 
2. The outside roll-motor is then actuated over 360⁰ with an arbitrary number of stops for measurement. Each stop represents an AoA pair with one source (S1) fixed in space.
3. Once the outside roll-motor returns to the zero position, the ‘inside’ 2-axis positioner is used to move S1 to the next grid point.
4. (Loop to step 2 until S1 is moved through all grid points).
Proposal 1: RAN4 to evaluate the feasibility of a 3-axis positioner to reduce bias for 2TRP connectivity. An example implementation is an azimuth+roll 2-axis positioner mounted on a roll motor shaft (3rd axis).
Please refer to the annex for more physically familiar illustrations of the concept. The geometries have been chosen for illustrative purposes; detail design would be required. 
As a closing note for this proposal, it is also important to note that the challenge of this enhancement is localized to the positioner and does not involve flying probes or multiple fixed antennas for every grid point. The mechanical challenge seems to be within implementation reach, given the advanced state of robotic mechanisms employed in other industries. 
2TRP scan strategy for the proposed 3-axis positioner
For this section we focus on an outside-roll-azimuth-roll positioner implementation, due to continuity of grid geometry with legacy positioners. Blocking is an important consideration for 2TRP connectivity. With the agreed TE with the legacy 2-axis positioner, both sources must be confined to a 180⁰ sector in the horizontal plane, to stay out of the 180⁰ swing of the azimuth motion of the positioner. With the proposed 3-axis positioner however, the roll axis of the outside motor is fixed to point to one of the sources, and the system loses its rotational symmetry. This means that the new positioner mechanism cannot be equally hidden from both sources for all AoA separations like the strategy used with the legacy positioner. One helpful aspect is that the 3-axis positioner no longer needs 180⁰ swing of the azimuth motion from the ‘inside’ 2-axis positioner: Recall that this motion was instituted to ensure simultaneous 2TRP spherical coverage [3]. From the mathemetical formulation in [2], it is evident that simultaneous spherical coverage for both TRPs is no longer necessary. It is therefore possible for the inside positioner to return to a 90⁰ azimuth, 360⁰ roll strategy if advantageous. 
Observation 2: With the proposed 3-axis positioner, simultaneous spherical coverage for both TRPs is not necessary. In other words it is no longer necessary to have 180⁰ azimuth motion per scanned hemisphere in the ‘inside’ positioner.  
Even if the reduced azimuth motion (per hemisphere) of the inside 2-axis positioner is reduced to [0-90⁰], the outside roll motor would swing the ‘inside’ positioner into the LOS of the second source for source separations of 90⁰ or more. Conceptually, the blockage occurs when the second source (S2) approaches the south pole of the grid, which is also typically the location of the inside positioner. For perspective, it is useful to remember that this blockage condition is not due to the choice of positioner, but instead due to the choice to test each point with AoA pairs in more directions.South pole
External roll motor axis
UE
S1
Effective locus of S2 as external roll motor is actuated.
Example S2 locations where UE 2TRP functionality is verified.
Outside-motor roll angles that cause S2 blockage.
S2
Inside positioner shown pointing the UE to some grid point.
Figure 2.1.4-1: Blockage issue with 3-axis positioner, viewed from azimuth axis.

Observation 3: Second source blockage happens when the second source approaches the ‘inside’ positioner location on the test sphere (typically south pole of UE grid for an az-roll ‘inside’ positioner).
This situation manifests for all grid points, i.e. first source locations, whose theta coordinate approaches the supplementary angle (180-x) to the source separation angle. Furthermore, blocking may only occur for some subset of outside-motor roll angles. See figure 2.1.4-1 to the right. Please also refer to the annex for more detail on these blocking cases. For perspective, it is useful to remember that this blockage condition is not due to the choice of positioner, but instead due to the choice to test each point with AoA pairs in more directions.
Observation 4: For source separation angles that are less than 180⁰, a source blockage condition implies that the first source is away from the north pole and the second source near the south pole.
The fraction of AoA pairs where one source is near the south pole. This relatively small fraction of AoA pairs can be identified a-priori for each hemisphere scan and re-assigned to the opposite hemisphere scan. For the opposite hemisphere scan, the second source would flip over to near the north pole and the first source would also flip but it will remain clear of the south pole. So, a blocked AoA in one hemisphere scan is not blocked during the opposite hemisphere scan. Another detail is that for the blocked AoA pairs, the second source location is now the one near the north pole (originally designated S1). It may not fall on the originally chosen grid, but that should not matter to the ‘inside’ positioner. The external roll motor can then position the flipped first source (originally designated S2) at the desired location in the southern hemisphere. Since the AoA pair reorganization can be done a-priori, there is no foreseen test time impact. 
Observation 5: A ‘no-block’ strategy can be implemented by exchanging some pre-identified test AoAs across the two hemisphere scans.
Further study is needed to verify if the source dodging concept above can translate into realistic implementation.
Since the blocked region is essentially due to the mechanical outline of the inside positioner, it is up to TE implementation to treat the considerations presented below: 
1. Various motion transfer schemes can be leveraged to reduce the shadow region, which reduces the number of AoA pairs that may be blocked. 
2. It would be mathematically consistent to re-orient the sample points on the circle (locus of second source during the outside motor roll) to reduce blockage. i.e., move all stops for the external roll motor for that grid point by some convenient angle to avoid the shadow region.
Proposal 2: FFS feasibility of ‘no-block’ scan strategy in obs. 5 for the proposed 3D positioner.
Test polarizations with the 3-axis positioner
From figure 2.1.3-2 it is evident that at each grid point from the UE’s perspective, the source pair appears to rotate about one of them when the roll-motor is actuated. The fixed source in this description is the target direction for the roll motor axis (‘S1’).S2 location, roll-motor at 0

Motion of  source pair with roll motor actuation
S1 location
 
S2 location, roll-motor at 
 
DL pol. from S2, roll-motor at 0
DL pol. from S2, roll-motor at d
Figure 2.1.5-1: Roll-motor actuation from the UE’s perspective
DL pol. from S1, roll-motor at 0 and  roll-motor at d, resp.

Looking closer and assuming fixed DL polarizations directions, the polarization angle perceived at the UE from S1 also rotates as the roll-motor is actuated. For S1, the UE is exercised for as many polarizations as there are AoA pairs. The DL from S2 sees a similar progression of polarization angles, but they happen when S2 takes on different points in space.  See figure 2.1.5-1. While we still have the four polarization possibilities, this characteristic of the proposed 3-axis positioner partially de-emphasizes the need to separately test them.
Observation 6: Even with fixed TE DL polarizations, the DL polarization from one of the sources takes on multiple directions with the proposed 3-axis positioner.
Test time with the 3-axis positioner
A revised time estimate can be constructed with the following considerations:
1. Test time would be first halved due to not requiring a complementary-pair scan or +/-AoAsep scans. 
2. Test time would then have to scaled by the number of stops the roll motor would make in one revolution, i.e at each grid point. Our analysis showed 6 as a an example, but this number has to be refined based on a sensitivity analysis. 
3. Finally, the time estimate may again be halved if the number of DL polarization combinations is reduced to 1, based on observation 5.
In summary, it is unlikely that the test time will reduce with the new positioner, but it may be a reasonable price to pay for removing a dominant source of bias in the data. Moreover the increase can be kept to manageable levels by making choices elsewhere.
Quiet Zone Validation
The IFF based multi-AoA test system was agreed to consider as the baseline for the UE RF testing. The procedure to characterize the quality of the quiet zone for IFF defied in clause D2, TR 38810 can be reused for IFF based multi-AoA test system. 
Proposal 3: The procedure to characterize the quality of the quiet zone for IFF defied in clause D2, TR 38810 can be reused for IFF based multi-AoA test system. 
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. Typically, the quiet zone shall be considered a sphere with radius of R=7.5cm for smartphone. For the devices with larger size, the quiet zone shall be considered a sphere with radius of R=20cm, 30cm, 40cm.
In current RAN5 specifications, PC1 CPE devices with max device size <= 30cm are testable for some of RF test cases (including EIS reference, etc.) and all DEMOD test cases. The MU for PC1 && device size >30cm is still pending. It could be assumed that the same capability of supporting max device size can be applied for multiple AoAs test system.
Observation 7: The maximum device size <= 30cm including PC1 CPE could be tested in multiple AoA test system for UE RF.
Observation 8: FFS on Quiet Zone and maximum device size for 3-axis positioner.
Test method for UE RRM
Test parameters – SINR control
As agreed in [1], RAN4 will investigate on how to control the SINR for multi-DCI scheme including non-overlapping and overlapping cases.
For overlapping multi-DCI scheme case, the interference between AoA1 and AoA2 could not be ignored. The baseband SNR/SINR control for Mode 1 (fixed SNR emulation) and Mode 2 (noise-free emulation) is similar as legacy 2AoAs RRM test method:
· Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals (N) to emulate target SNR condition.
[image: ] 					(1)
· Mode 2 (noise-free transmission): Test system transmits only useful signals (S).
                                                                                 (2)
Where S1 and S2 are signal level for probe 1 and probe 2 respectively. G1 and G2 are the antenna gain for probe 1 and probe 2 respectively. The lower bound and upper bound of SINR can be estimated based on the range G1/G2. The range of G1/G2 could be decided with the maximum and minimum value of UE antenna.
For non-overlapping multi-DCI scheme case, the SINR equation for Mode 1 and Mode 2 is similar as (1) and (2) respectively except the interference level from S2 is changed to α*S2, where α indicates the ratio of overlapping resources (0<α<1).
· Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals (N) to emulate target SNR condition.
												(3)
· Mode 2 (noise-free transmission): Test system transmits only useful signals (S).
													(4)                  
Proposal 4: RAN4 to consider equation (1), (2), (3) and (4) as the baseline to control the SINR for multi-Rx RRM testing.
Proposal 5: RAN4 to further discuss and decide the range of G1/G2.                                       
Test method for UE Demodulation
Measurement setup
As agreed in [1], the same test system of UE RF testing could be reused for FR2 multi-Rx UE demodulation testing. Therefore, in theory, the candidate pair of test directions could be selected from measurement grid defined for UE RF testing. For example, all the AoA1-AoA2 pairs shown in Figure 2.1.1-1 could be candidate test directions. Note that the directionality between of AoA1 and AoA2 with 6 pairs shown in Figure 2.1.3-1 is not considered at this stage.
Observation 9: The candidate pair of test directions for UE demodulation testing could be selected from the measurement grid defined for UE RF testing.
To save the testing time, UE vendor declaration of the 2 AoAs (for best RF directions) is an acceptable approach since the demodulation test does not intend to test RF performance. With the legacy positioner, the declarations of the AoAs must lie on the same longitude. With the proposed 3D positioner, the AoA pair can be in any orientation, not just along longitudes.
Observation 10: UE vendor declaration of the 2AoAs is an acceptable approach for multi-Rx UE demodulation testing. The declared 2AoAs shall satisfy the criteria for test directions.
If UE vendor doesn’t declare the test directions or the declared directions fail to pass the criteria, the 2AoAs could be selected based on the measurement data recorded in UE RF testing.
For multi-Rx UE RF testing, it was agreed to use “go or no-go” as the baseline to verify the UE RF performance which means Tx power from TE transmitter is fixed during the testing. But we could assume the maximum Tx power at TE amplifier output is 23dBm/Hz which is reused from TR 38.810 as the baseline to study the test parameters and test directions for UE demodulation testing.
Proposal 6: Consider maximum Tx power at TE amplifier output as 23dBm/Hz which is reused from TR 38.810 as the baseline to study the test parameters and test directions for UE demodulation testing.
Criteria for test directions
Criteria of test direction for legacy demodulation requirements
As specified in TS38.521-4, the following 3 criteria shall be satisfied for a given UE direction for legacy demodulation requirements:
· UE shall pass the REFSENS test as per TC 7.3.2 of TS 38.521-2
· Minimum isolation requirement of 12 dB between the 2 TE polarization branches shall be met
· UE reported rank shall be higher or same as intended rank for a given test
For multi-Rx testing, in principle, the similar 3 criteria should be satisfied for the 2AoA UE directions. The details will be discussed in the following clauses.
Minimum isolation
As agreed in [4], test directions from 2AoA should meet the minimum isolation between all active branches which is to achieve “wireless cable”, i.e., limit the cross talk interference in FR2 demodulation test. With the same motivation as minimum isolation requirements defined in legacy FR2 demodulation testing, the minimum isolation requirements of 12dB could be reused for all the active branches for multi-Rx UE demodulation testing.
Proposal 7: The minimum isolation requirements of 12dB could be reused for all the active branches for multi-Rx UE demodulation testing.
Meanwhile, to achieve minimum isolation for all active branches, TE shall be able to control two polarizations separately per AoA direction.
Proposal 8: TE shall be able to control two polarizations separately per AoA direction.
Rank number
It is straightforward to apply the same criteria of legacy FR2 UE demodulation testing, i.e., UE reported rank shall be higher or same as intended rank for a given test. 
Proposal 9: UE reported rank shall be higher or same as intended rank for a given test in FR2 multi-Rx UE demodulation testing.
REFSENSE 
The reason that UE shall pass the REFSENS for legacy demodulation testing is to guarantee no larger than 1dB difference between Reference point SNR and Baseband SNR, the Noc value is set based on legacy REFSENS:
Noc = RESFENSPC3, n260, 50MHz -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
where: ∆thermal is the amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal = 6dB, giving a rise in total noise of 1dB. That means the selected test direction(s) should pass the legacy REFSENS requirements. More details can be found in section 7.2.1.3 of TR 38.810.
In [5], we compare the Pros and Cons for the following three options on how to select test directions:
· Option 1: UE needs to pass legacy REFSENSE requirements per branch
· Option 2: UE needs to pass legacy EIS spherical coverage requirements per branch
· Option 3: UE needs to pass legacy REFSENSE requirements with XdB degradation per branch
The pros and cons for the three options are lists in Table 4.2.1-1:
Table 4.2.1-1: Pros and Cons for the options on how test directions selection
	
	Pros
	Cons

	Option 1
	High testable SNR, e.g., 17.7 for n260
	Might not be able to find test directions for two AoAs with the condition of passing REFSENSE and achieving min. isolation between all active branches

	Option 2
	Test directions can be selected in the spherical coverage map.
	Very low testable SNR, e.g., 5.1dB for n260

	Option 3
	Compromise between Option 1 and Option 2. It is easier to find the test directions for two AoAs to satisfy all the 3 criteria with an appropriate testable SNR.
	



The following table provide the testable SNR with different X values. Note that the testable SNR is calculated based on the parameters defined in TR 38810, i.e., IFF with 100MHz CBW.
Table 4.2.1-1: Testable SNR with different X values
	X values (dB)
	Maximum testable SNR (dB)

	0
	17.7

	2
	15.7

	4
	13.6

	6
	11.5

	8
	9.4



RAN4 should decide what is the acceptable testable SINR for multi-Rx demodulation testing first and then to evaluate the coverage percentage of two AoAs pair which could pass legacy REFSENSE requirements with XdB degradation per branch.
Proposal 10: RAN4 to consider Option 3 as the starting point to select the test directions for UE demodulation testing. 
Proposal 11: RAN4 should decide what is the acceptable testable SINR for multi-Rx demodulation testing first and then evaluate the coverage percentage of two AoAs pair which could pass legacy REFSENSE requirements with XdB degradation per branch.

Conclusions
In this paper, we discuss the test methods for UE RF, RRM and demodulation for multi-Rx UE. The following observations and proposals are made:
Observation 1: Sensitivity of calculated probability to support 2TRP DL to UE module orientation relative to the UE reference coordinate system suggests that the agreed TE constraints retain sources of bias despite previous agreements [3].
Proposal 1: RAN4 to evaluate the feasibility of a 3-axis positioner to reduce bias for 2TRP connectivity. An example implementation is a azimuth+roll 2-axis positioner mounted on a roll motor shaft (3rd axis).
Observation 2: With the proposed 3-axis positioner, simultaneous spherical coverage for both TRPs is not necessary. In other words it is no longer necessary to have 180⁰ azimuth motion per scanned hemisphere in the ‘inside’ positioner.  
Observation 3: Second source blockage happens when the second source approaches the ‘inside’ positioner location on the test sphere (typically south pole of UE grid for an az-roll ‘inside’ positioner).
Observation 4: For source separation angles that are less than 180⁰, a source blockage condition implies that the first source is away from the north pole and the second source near the south pole.
Observation 5: A ‘no-block’ strategy can be implemented by exchanging some pre-identified test AoAs across the two hemisphere scans.
Proposal 2: FFS feasibility of ‘no-block’ scan strategy in obs. 5 for the proposed 3D positioner.
Observation 6: Even with fixed TE DL polarizations, the DL polarization from one of the sources takes on multiple directions with the proposed 3-axis positioner.
Proposal 3: The procedure to characterize the quality of the quiet zone for IFF defied in clause D2, TR 38810 can be reused for IFF based multi-AoA test system. 
Observation 7: The maximum device size <= 30cm including PC1 CPE could be tested in multiple AoA test system for UE RF.
Observation 8: FFS on Quiet Zone and maximum device size for 3-axis positioner.
Proposal 4: RAN4 to consider equation (1), (2), (3) and (4) as the baseline to control the SINR for multi-Rx RRM testing.
Proposal 5: RAN4 to further discuss and decide the range of G1/G2.                                       
Observation 9: The candidate pair of test directions for UE demodulation testing could be selected from the measurement grid defined for UE RF testing.
Observation 10: UE vendor declaration of the 2AoAs is an acceptable approach for multi-Rx UE demodulation testing. The declared 2AoAs shall satisfy the criteria for test directions.
Proposal 6: Consider maximum Tx power at TE amplifier output as 23dBm/Hz which is reused from TR 38.810 as the baseline to study the test parameters and test directions for UE demodulation testing.
Proposal 7: The minimum isolation requirements of 12dB could be reused for all the active branches for multi-Rx UE demodulation testing.
Proposal 8: TE shall be able to control two polarizations separately per AoA direction.
Proposal 9: UE reported rank shall be higher or same as intended rank for a given test in FR2 multi-Rx UE demodulation testing.
Proposal 10: RAN4 to consider Option 3 as the starting point to select the test directions for UE demodulation testing. 
Proposal 11: RAN4 should decide what is the acceptable testable SINR for multi-Rx demodulation testing first and then evaluate the coverage percentage of two AoAs pair which could pass legacy REFSENSE requirements with XdB degradation per branch.
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Annex: 3-axis positioner illustrations
Views of system in configuration to demonstrate the blocking issue endemic to testing each point with at least 3 equally spatially distributed AoA pairs. Sources are shown as flat discs. Source separation angle is 150⁰. Chosen grid point for illustration is S1 at theta=30⁰, phi = -45⁰. Note that azimuth and source separation sum up to 180⁰, a relationship that is identified as the main condition for blocking to occur. Geometries are not optimized for blockage reduction.

‘Outside’ roll motor 
‘Outside’ roll motor axis is fixed towards S1.
Inside AZ: 30˚
Inside Roll: 45 ˚
Outside Roll: 0˚
S1
S2
Roll motor of ‘Inside’ 2-axis positioner
Az hinge of ‘Inside’ 2-axis positioner
S1
S2
S2

Sequence of views to show outside roll motor actuation at chosen grid point to capture AoA pairs in multiple directions at each grid point. Note that azimuth and source separation sum up to 180⁰, a relationship that is identified as the main condition for blocking to occur. See section 2.1.4 for resolution direction.
Outside Roll: 0˚
Outside Roll: 60˚
Outside Roll: 120˚
Outside Roll: 180˚
Outside Roll: 240˚
Outside Roll: 300˚
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TRP1 locations relative to TRP2 (after complementary sweeps)
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TRP1 locations relative to TRP2 (after complementary sweeps)
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