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Introduction
In RAN4#105, fruitful discussion has been done for the Rel-18 WI for FR2 multi-Rx chain DL reception. The outcome can be found in the approved WF [1]. In this contribution, we would like to share our views on the remaining issues. 
Discussion
Further consideration on RF requirements
Analysis for the proposed RF requirement concepts so far
As listed in the approved WF, following candidates can be considered for the Multi-Rx RF requirement definition:
Table 1: Candidates of RF requirement concept for Multi-Rx
	Option 1
	Requirement is based on 2AoA directional sensitivity statistics
	a. Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2)

	
	
	b. Spherical coverage requirement is defined based one “joint sensitivity”, i.e., TJ2AS = f(J2ASAoA1sita, AoA2sita, J2ASAoA1sita, AoA2phi, J2AS AoA1phi, AoA2sita, J2AS AoA1phi, AoA2phi) for sDCI

	
	
	c. [bookmark: _Hlk114739493]Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB

	Option 2
	Requirement is based on the spherical coverage EIS of AoA1
	power level for AoA2 is fixed/pre-defined

	Option 3
	Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level
	In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%

	Option 4
	RAN4 only considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition
	No RF requirement


For Option 2, we understand it is friendly to test set up since the spherical coverage EIS will be measured only for one AoA direction, so most of the legacy design can be reused. But actually this option can be treated as the simplification of Option 1 or Option 3 because the essence for them is to verify the the UE capability on maintaining 2 AoAs simultaneous reception from RF perspective. So our analysis will focus on these two types of definition.         
Observation 1: For the candidate solutions that listed as below, Option 2 can be treated as a possible simplification for Option 1 or Option 3 since they are both for the purpose of verifying the multi-Rx simultaneous reception functionality from RF perspective.
	Option 1
	Requirement is based on 2AoA directional sensitivity statistics
	a. Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2)

	
	
	b. Spherical coverage requirement is defined based one “joint sensitivity”, i.e., TJ2AS = f(J2ASAoA1sita, AoA2sita, J2ASAoA1sits, AoA2phi, J2AS AoA1phi, AoA2sita, J2AS AoA1phi, AoA2phi) for sDCI

	
	
	c. Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB

	Option 2
	Requirement is based on the spherical coverage EIS of AoA1
	power level for AoA2 is fixed/pre-defined

	Option 3
	Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level
	In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%


For Option 1, which is taking EIS from each AoA as the metric, a common problem is that the throughput performance of one AoA DL reception could interact with the DL power from other AoA. Consequently, it is foreseeable that the procedure for searching {EIS_AoA1, EIS_AoA2} that can satisfy the EIS spherical requirement for each AoA pair could be time consuming.
Observation 2: For the requirement definition which is based on 2AoA directional sensitivity statistics, a common problem is the searching for {EIS_AoA1, EIS_AoA2} that can verify whether the UE can be capable of multi-Rx simultaneous reception per AoA pair is time consuming. Because the DL throughput performance of one AoA could interact with the reception power from another AoA.     
As a solution combined by the proposals from [2] and [3], Option 3 could be a feasible solution because such functionality test with a fixed DL power level can be relatively faster than joint EIS measurement. One thing should be clarified is that the selection for the set of points qualified for multi-Rx requirement, which are occupied a portion of the whole sphere, should be independent from the set of points that are selected under the test for legacy EIS spherical coverage requirement, even though some of the points from two sets could be the same. Besides, the following relaxation would be necessary for Option 3 but that depends on further evaluation:
· The value of Y could be worse than it is for legacy EIS spherical coverage requirement for PC3 and the value of M should be smaller than 50.
Thus from our understanding, both Option 1b and Option 3 can be considered for further discussion/simulation.   
Proposal 1: The selection for the set of points qualified for multi-Rx requirement should be independent from the selection for the set of points qualified for legacy EIS spherical coverage requirement.  
Proposal 2: Suggest to consider between Option 1b and Option 3 of the candidate solutions that listed as below for further discussion/simulation.
	Option 1
	Requirement is based on 2AoA directional sensitivity statistics
	b. Spherical coverage requirement is defined based one “joint sensitivity”, i.e., TJ2AS = f(J2ASAoA1sita, AoA2sita, J2ASAoA1sits, AoA2phi, J2AS AoA1phi, AoA2sita, J2AS AoA1phi, AoA2phi) for sDCI

	Option 3
	Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level
	In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%


· For Option 3, the value of Y could be worse than it is for legacy EIS spherical coverage requirement for PC3 UE. The value of M should be smaller than 50.

Common issue for both simulation and test set up
Whether to traverse all polarization combinations per AoA pair
As a common issue for both candidate RF requirement concepts, taking Option 1b as an example, the input of the joint EIS determination function could be {EISAoA1sita, AoA2sita, EISAoA1sita, AoA2phi, EISAoA1phi, AoA2sita and EISAoA1phi, AoA2phi}. Similar for Option 3, one way to define a pass status could be only one of the EIS pair from {EISAoA1sita-EISAoA2sita, EISAoA1sita-EISAoA2phi, EISAoA1phi-EISAoA2sita and EISAoA1phi-EISAoA2phi} is better than the requirement. 
From RF perspective, we understand that the interference immunity could be contributed from spatial isolation from 2 panels and polarization isolation from single panel. Although we think that taking the two orthogonal polarization direction combinations out of four during the simulation/test can reduce the complexity, but we think the impact for such simplification while taking potential RF imperfection into consideration should be further studied.          
Proposal 3: The performance impact from the limitation of polarization combinations to {AoA1sita-AoA2phi, AoA1phi-AoA2sita} should be further evaluated and taking realistic RF imperfections into consideration.   
On the simulation assumptions
In last meeting, following concept for “panel” has been proposed as the inputs for reference architecture for deriving the spherical coverage requirement for multi-Rx chain DL reception.
	· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation]


Based on this, other necessary details should be settled to facilitate evaluation and be the guidance for discussion on the requirements.     
Whether to consider TE probe restriction for test point determination
For the measurement point of each AoA, how to determine the actual 3D coordinate on the whole sphere surrounding UE should be discussed. One way is scanning all legacy test grids on the whole sphere for AoA1 and taking AoA separation into consideration for the determination of AoA2. But the actual coordinate may not be exactly overlapping with any legacy grids due to the AoA separation. However, spherical coverage for the test can be guaranteed in order to provide fair results for both 2 AoAs.  
[image: ]
Figure 1. Illustration on test points selection based on the single AoA legacy test grid
Observation 3: The second AoA can have even and complete spherical coverage if the test grid selection is based on legacy grid distribution for single AoA. But additional adjustment might be needed to keep the separation between two AoAs.  
From last meeting for FR2 OTA test SI, TE vendors proposed a possible way to build the test system for FR2 multi-Rx, which is to fix the two probes’ location and guarantee the freedom of UE rotation [4]:
Table 2: Different AoA source location
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
	
	


Since the location of each AoA source is fixed, the spherical coverage area for the second AoA could be different. The following examples derived from coordinate transformation are provided for better understanding.
Table 3: The spherical coverage of the second AoA
	
	Probes in the xz plane
	Probes in the yz plane

	Spherical coverage of Probe P30
	
	

	Spherical coverage of Probe P50
	
	

	Spherical coverage of Probe P70
	
	


As depicted in Table 3, we can observe that the spherical coverage area of the second AoA will reduce if as the AoA separation become closer to 90 degree. However, whether and how to handle such AoA source location restriction should be further considered at least for simulation.
Observation 4: If AoA source location is fixed, one of the AoA cannot guarantee complete spherical coverage.  
Proposal 4: Whether and how to handle the AoA source location restriction should be further considered. 
Conclusion
In this contribution we provide our views on FR2 UE multi-Rx from RF requirement perspective, we have the following observations and proposals: 
Observation 1: For the candidate solutions that listed as below, Option 2 can be treated as a possible simplification for Option 1 or Option 3 since they are both for the purpose of verifying the multi-Rx simultaneous reception functionality from RF perspective.
	Option 1
	Requirement is based on 2AoA directional sensitivity statistics
	a. Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2)

	
	
	b. Spherical coverage requirement is defined based one “joint sensitivity”, i.e., TJ2AS = f(J2ASAoA1sita, AoA2sita, J2ASAoA1sits, AoA2phi, J2AS AoA1phi, AoA2sita, J2AS AoA1phi, AoA2phi) for sDCI

	
	
	c. Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB

	Option 2
	Requirement is based on the spherical coverage EIS of AoA1
	power level for AoA2 is fixed/pre-defined

	Option 3
	Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level
	In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%


Observation 2: For the requirement definition which is based on 2AoA directional sensitivity statistics, a common problem is the searching for {EIS_AoA1, EIS_AoA2} that can verify whether the UE can be capable of multi-Rx simultaneous reception per AoA pair is time consuming. Because the DL throughput performance of one AoA could interact with the reception power from another AoA.
Observation 3: The second AoA can have even and complete spherical coverage if the test grid selection is based on legacy grid distribution for single AoA. But additional adjustment might be needed to keep the separation between two AoAs.
Observation 4: If AoA source location is fixed, one of the AoA cannot guarantee complete spherical coverage.    
Proposal 1: The selection for the set of points qualified for multi-Rx requirement should be independent from the selection for the set of points qualified for legacy EIS spherical coverage requirement.  
Proposal 2: Suggest to consider between Option 1b and Option 3 of the candidate solutions that listed as below for further discussion/simulation.
	Option 1b
	Requirement is based on 2AoA directional sensitivity statistics
	b. Spherical coverage requirement is defined based one “joint sensitivity”, i.e., TJ2AS = f(J2ASAoA1sita, AoA2sita, J2ASAoA1sits, AoA2phi, J2AS AoA1phi, AoA2sita, J2AS AoA1phi, AoA2phi) for sDCI

	Option 3
	Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level
	In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%


· For Option 3, the value of Y could be worse than it is for legacy EIS spherical coverage requirement for PC3 UE. The value of M should be smaller than 50.
Proposal 3: The performance impact from the limitation of polarization combinations to {AoA1sita-AoA2phi, AoA1phi-AoA2sita} should be further evaluated and taking realistic RF imperfections into consideration.   
Proposal 4: Whether and how to handle the AoA source location restriction should be further considered. 
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