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1. Introduction
In this contribution, we provide more analysis on remaining issue of FR2 multi-Rx, including impact of gain imbalance between V-pol/H-pol, whether the AoA offset need to be declared by UE, how to construct the RF requirement in the spec.
2. Discussion
2.1 Simulation assumption
In this contribution, the following assumption is used in the simulation:

Table I Implementations considered in this contribution
	UE implementations
	Details

	Implementation#1
	2 panels in same side, metal frame 

	Implementation#2
	2 panels in adjacent side, metal frame

	Implementation#3
	2 panels in opposite side, metal frame

	Implementation#4
	2 panels in same side, plastic frame 

	Implementation#5
	2 panels in adjacent side, plastic frame

	Implementation#6
	2 panels in opposite side, plastic frame



3 UE orientations that described in 38.101-2 Annex J is simulated, and the final results is based on the best performance across all orientations. The calibration method described in [1] is used for all data.
 
2.2 Further evaluation on gain imbalance between V-pol and H-pol
In [2], our simulation results showed that the when UE have different antenna gain in V-pol and H-pol, the overall probability will be different under different DL polarization combinations, e.g., V-V and H-H. However, in this simulation, we assume that the polarizations of DL signal are perfectly align with UE antenna polarizations which is not true in real test system because the coordinate system to describe polarization for DL signal and UE antenna pattern may be different. In [1], a new procedure to calculate the received DL signal is agreed when gain imbalance is exist between V-pol/H-pol, and the key idea for this method is to obtain the projection of DL signal on UE’s V-pol and H-pol by coordinate transformation. Based on this new method, we perform more evaluation on the impact of gain imbalance between V/H.

As we analyzed in [1], when assuming that the polarization is perfectly aligned between UE and DL signal, the performance gap between different polarization combination will be enlarged as gain imbalance become larger. However, things will be different with the new method since when gain imbalance become larger, it will affect both V-pol and H-pol. This performance gap cannot be eliminated by current calibration method and we should investigate whether UE can cheat on test by changing the gain imbalance. Figure 1 shows performance gap between θ-θ and φ-φ and when additional power imbalance is added how the performance gap changes. The θ-θ and φ-φ are different polarization combination of DL signal and only the results of implementations without metal blockage are provided.
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Figure 1 Performance gap between polarization combination θ-θ and φ-φ

The results show that when gain imbalance increase, the performance gap is not always enlarged and how it changes depends on panels location, AoA offset, etc. To reduce the impact of this performance gap between different polarization on verification, in [3], we proposed that the final results should be the average between θ-θ and φ-φ. Figure 2 shows that how the imbalance impact on the results after average.
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Figure 2 Overall probability under different gain imbalance

The results also show that there is no conclusive relationship between gain imbalance and UE performance, which means it's hard for UE to cheat on the test by purposely changing gain imbalance to make it easier for UE to pass the test.

Observation 1: The impact of gain imbalance on the UE performance is unpredictable and UE is hard to cheat on the test by purposely changing the gain imbalance.

Another observation here is that compared to OR combining, the performance change of arithmetic is smaller, which mean the OR combining is more sensitive the gain imbalance. To minimize the impact of gain imbalance, we think it is better to choose arithmetic mean as combining method. 

Observation 2: Arithmetic mean is more stable under different gain imbalance.

Proposal 1: Use arithmetic mean as combining method to reduce the impact of gain imbalance.


2.3 Rules for constructing RF requirement  
In [1], we have following agreement:

WF: 
The UE only needs to meet the requirement for 1 AoA offset.  

Options:
1. Define a requirement for each candidate AoA offset. 
1. The requirement is defined for just 1 AoA offset.

To virtualize how to construct the requirement, the Table II and Table III shows our simulation results for each implementation.

Table II The simulation results for each implementation (OR combining)
	
	30°
	60°
	90°
	120°
	150°
	180°

	Impementation#1
	23.5%
	17.0%
	17.8%
	20.1%
	19.3%
	10.0%

	Impementation#2
	12.3%
	17.6%
	18.5%
	17.2%
	16.2%
	8.8%

	Impementation#3
	17.8%
	20.6%
	19.6%
	16.7%
	21.7%
	17.2%

	Impementation#4
	32.6%
	27.1%
	25.2%
	20.6%
	16.1%
	10.7%

	Impementation#5
	11.1%
	20.2%
	23.0%
	19.7%
	15.5%
	7.7%

	Impementation#6
	3.6%
	9.8%
	23.0%
	35.0%
	38.2%
	28.3%








Table III The simulation results for each implementation (arithmetic mean)
	
	30°
	60°
	90°
	120°
	150°
	180°

	Impementation#1
	14.5%
	9.3%
	10.0%
	12.2%
	11.2%
	10.0%

	Impementation#2
	7.0%
	9.5%
	9.8%
	9.3%
	9.3%
	8.8%

	Impementation#3
	10.7%
	12.4%
	10.9%
	9.5%
	12.9%
	17.2%

	Impementation#4
	21.9%
	14.5%
	12.8%
	10.5%
	9.2%
	10.7%

	Impementation#5
	6.1%
	11.3%
	11.9%
	10.3%
	8.9%
	7.7%

	Impementation#6
	1.9%
	5.0%
	12.0%
	18.6%
	24.3%
	28.3%



Based on the results above, the first issue we want to discuss is whether UE should declare it preferred the AoA offset. Considering we already agree that only 1 AoA offset need to be verified, it sounds quite weird to further allow UE declare preferred AoA offset which may make UE pass the test easily. However, it's actually easier for a UE to cheat on a test if it's not allowed to declare it's preferred AoA offset. To show this counterintuitive conclusion, The Figure 3 and Table IV show what requirement looks like if the UE declaration is not allowed.
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Figure 3 Requirement if UE declaration of AoA is not allowed

Table IV Requirement if UE declaration of AoA is not allowed
	Overall probability
	30°
	60°
	90°
	120°
	150°

	OR
	3.6%
	9.8%
	17.8%
	16.7%
	15.5%

	Arithmetic mean
	1.9%
	5.0%
	9.8%
	9.3%
	8.9%



For each AoA offset, we choose the lowest value among all implementations because if UE cannot declare preferred AoA offset, the requirement should accommodate different UE implementation no matter which AoA offset need to be verified and actually the requirement will be gated by the worst case. It is noted that in multi-Rx, the UE's poor performance in some AoA offsets is not due to the use of substandard panels, but because the placement of the panels determine that the UE couldn't achieve good performance under these AoA offsets, e.g., when panels place at opposite side, UE performance become poor at small AoA offset.

Observation 3: Unlike legacy spherical coverage, the UE has poor spherical coverage performance in multi-Rx is not only due to the use of unqualified panels, but because the panels placement determine that UE can only achieve poor performance under certain AoA offset.

In our understanding, the worst thing brought by the UE's inability to declare a preferred AoA offset is that this lowest value leads to a mismatch between requirement and implementation. For example, UE with panels in opposite side have good performance when AoA offsets are larger, but the requirement at these offsets is defined based on the UE with panels in same side, which means UE have good performance at these offsets but cannot be shown by verification. This also means that in this situation, UE can cheat on the test easily since the requirement very low.

Observation 4: If UE cannot declare preferred AoA offsets, the mismatch between requirement and UE implementation will exist, which lead to the real UE performance cannot be verified.

Based on the analysis above, we believe the UE declare preferred AoA offset is necessary for requirement construction.

Proposal 2: The AoA offset in verification should be declared by UE.

Based on UE declaration, we can further discuss how to construct the requirement. Generally, in the simulation we have 3 different panel placements, and we can find that for different UE implementation, the performance trend is different when AoA offset become larger, but the AoA offset that UE can achieve best performance is fixed for same panel location: when panel in same side, the best performance appears at 30°; when panel in adjacent side, the best performance appears at 90°; when panel in opposite side, the best performance appears at 150°.

Observation 5: For a specific panel placement, the offset at which the UE achieves the best performance is always fixed: when panel in same side, the best performance appears at 30°; when panel in adjacent side, the best performance appears at 90°; when panel in opposite side, the best performance appears at 150°.

When AoA offset declaration is allowed, UE will declare the AoA offset that can achieve best performance and it is possible to link the requirement with dedicated implementation based on the observation above.

Proposal 3: The following rules is used for multi-Rx requirement construction:
· For AoA offset∈[30,60], the requirement is defined based on simulation results that panels are in same side.
· For AoA offset = 90, the requirement is defined based on simulation results that panels are in adjacent side.
· For AoA offset∈[120,150] , the requirement is defined based on simulation results that panels are in opposite side.

The Figure 4 and Table V shown the requirement based on the rules above.
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Figure 4 Requirement if UE declaration of AoA is allowed

Table V Requirement if UE declaration of AoA is allowed
	Overall probability
	30°
	60°
	90°
	120°
	150°

	OR
	32.6%
	27.1%
	23.0%
	16.7%
	35.0%

	Arithmetic mean
	21.9%
	14.5%
	11.9%
	18.6%
	24.3%




2.4 Treatment for AoA offset = 180
As shown in previous part, the 180° AoA offset simulation is listed. Even though we agreed that the 180° case should be included in simulation campaign but there is no concrete conclusion whether include it in final requirement. In [3], we discussed how to treat AoA offset = 180 case and 2 options are provided: 

· Option 1: No need to consider 180° case and the requirement will be constructed based on 30°~150° cases only. 
· Option 2: The 180° case can be verified only within the region where no blockage issue.

Considering the 180° is hard to be tested and time also limited for this WI, we propose option 1 to alleviate the working overhead.

Proposal 4: The requirement will be constructed based on the simulation results of 30°~150° cases only and no need to consider 180° case.
3. Conclusion
In this contribution, we provide our analysis on FR2 multi-Rx remaining issues.
Observation 1: The impact of gain imbalance on the UE performance is unpredictable and UE is hard to cheat on the test by purposely changing the gain imbalance.

Observation 2: Arithmetic mean is more stable under different gain imbalance.

Observation 3: Unlike legacy spherical coverage, the UE has poor spherical coverage performance in multi-Rx is not only due to the use of unqualified panels, but because the panels placement determine that UE can only achieve poor performance under certain AoA offset.

Observation 4: If UE cannot declare preferred AoA offsets, the mismatch between requirement and UE implementation will exist, which lead to the real UE performance cannot be verified.

Observation 5: For a specific panel placement, the offset at which the UE achieves the best performance is always fixed: when panel in same side, the best performance appears at 30°; when panel in adjacent side, the best performance appears at 90°; when panel in opposite side, the best performance appears at 150°.

Proposal 1: Use arithmetic mean as combining method to reduce the impact of gain imbalance.

Proposal 2: The AoA offset in verification should be declared by UE.


Proposal 3: The following rules is used for multi-Rx requirement construction:
· For AoA offset∈[30,60], the requirement is defined based on simulation results that panels are in same side.
· For AoA offset = 90, the requirement is defined based on simulation results that panels are in adjacent side.
· For AoA offset∈[120,150] , the requirement is defined based on simulation results that panels are in opposite side.

Proposal 4: The requirement will be constructed based on the simulation results of 30°~150° cases only and no need to consider 180° case.
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