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1. Introduction
In the last meeting, the requirement concept for multi-Rx was confirmed [1], but how to define the final requirement is still pending. In this contribution, we provide evaluation results based on the probability-based requirement, and try to give a proper way to define the requirement.  
2. Discussion
2.1 OR combing vs arithmetic mean
In [1], the formula for multi-Rx spherical coverage is agreed but more discussions are needed for combining method:

For UEs required to fulfil a requirement on the probability for 2AoA reception, the metric for a given AoA separation is the spatial average:

 is given by:
	Option 1 – arithmetic mean combining
	

	Option 2 – OR combining
	


 

As we analyzed in the last meeting, the arithmetic mean combining method is more align with the physical meaning of this new requirement concept, which is a probability that UE support 2AoA operation.  However, some companies argued that there are problems when AoA separation equal to 180° even though this separation actually will not be tested. In my understanding, the concern behind is that companies hope the performance of 150° can somehow represent the performance of 180° so that even though the 180° case will not be tested but its performance still can be guaranteed. However, after further evaluate the 180° case, we find that the OR combining method can’t get there either.

For 180° case, the antenna probes will be in opposing positions (assume it can be tested), and under this situation, the results for +AoA offset and -AoA offset will be same because the antenna probes will be in the same location, as shown in Figure 1.


                
Figure 1 Difference between 180° and other offsets

For the offset other than 180°, the antenna probe locations for +/- offset are different, and the pass/fail status may be different, so when we combine the results for each test point, the probability for OR combining and arithmetic mean combining since 50% may appear in arithmetic mean only. However, due to the same P/F results for +/-AoA offset under 180° offset, the 50% will not exist in arithmetic mean method which resulting no difference between these two combining methods.

Table I Possible probability for each test point under different combing method

	Condition 
	OR combining
	Arithmetic mean 

	AoA offset equal to 180° 
	0% / 100%
	0% / 100%

	AoA offsets other than 180°
	0% / 100%
	0% / 50% / 100%
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Figure 2 Overall probability for offset = 180°

We also perform the simulation to validate our analysis above, and the simulation results shows that there will be no difference between these two combining methods under 180° case.

Observation 1: Under 180° offset, the P/F status for +AoA offset and -AoA offset will be same since the antenna probes’ locations are unchanged, which means the final probability of OR combining and arithmetic mean also will be exactly same. 

Another point we want to discuss here is whether UE performance under 150° can represent 180° case when OR combing is used. The simulation results are shown in Figure 3
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Figure 3 Overall probability under different UE implementation with OR combing

As we agreed in the previous meeting, the result of each AoA offset is the best performance of all UE orientations and averaged from V-V and H-H. The results show that even though we use OR combining, the 180° case is still worse than 150°, which means it is impossible to use the performance at 150° to represent the 180° case.

Observation 2: Even with OR combing, the UE performance at 150° cannot guarantee that UE can satisfy the requirement under 180°.

So, based on the analysis above, we don’t see a significant benefit if OR combining is used, so we prefer to confirm that the arithmetic mean will be used as combing method to keep the physical meaning clear.

Proposal 1: Take the arithmetic mean as the combining method.

2.2  How to treat 180° case
In section 2.1, we find that it seems that if the 180° case cannot be tested due to blockage, the UE performance under 180° is hard to guarantee. Considering 180° case still is a typical AoA separation in the field and we also agreed that this case should be included in the simulation, we think it is better to have a conclusion on how to treat this case. The easiest way is to ignore this case, and the requirement will be constructed based on the 30°~150° case because anyway we will not verify each AoA separation.
Another possible way is that we only count the region without blockage in the test. Considering only the region around the poles will suffer from blockage issue, we need check whether these regions have significant impact on final results.
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Figure 4 Simulation comparison between different region under 180° case 

We assume that the region within 30 degrees from the pole (light yellow area in Figure 4) is affected by blockage and this area will not be counted when calculating the overall probability. The simulation results are shown above. Generally, the UE performance will be lost if the blockage region is not counted and the losses are also different under UE orientations, but considering the orientation will be declared by UE, we only need to check the best performance among all UE orientations (point in red circle), and the maximum performance loss is only 0.5%.

Observation 3: There is only tiny performance degradation (<0.5%) under the best UE orientation if the blockage regions are not counted. 

If no blockage region can be reduced (e.g., from 30° to 15°), the performance loss also can be further diminished. So, in our view, this level of performance loss is acceptable if we do need to verify the 180° case.
 
Proposal 2: Further discuss the following options on how to treat 180° AoA separation:
· Option 1: No need to consider this 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.
2.3 Requirement in spec
Now we can discuss how to specify the requirement in RAN4 spec. The first problem is how many requirements should be defined. In previous meetings, some companies preferred to define requirements for each AoA separation, but our concern here is that if we consider to accommodate different UE implementations, maybe there are not huge differences between different AoA separation that make it worthwhile to define the requirement one by one. Based on the arithmetic mean combing method, we perform a simulation to show the UE performance under different AoA separation. 
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Figure 3 Overall probability under different UE implementation with arithmetic mean combing

If we only focus on only one dedicated UE implementation, the maximum difference between AoA separation can be quite large (about 30%), but if the requirement should accommodate different UE implementations, we should pick up the minimum UE performance among all UE implementations and the different between AoA separation will be reduced as summarized in Table II.

Table II minimum overall probability across UE implementations
	AoA separation
	30
	60
	90
	120
	150
	180

	Probability (%)
	9.4 
	12.7
	10.2
	10.2
	9.7
	8.3



Obviously, the maximum difference between separations is only about 5%, so from our view, only define a single requirement for all AoA separations is enough.

Observation 4: The overall probability difference between AoA separations is not significant if different UE implementations need to be considered.

Proposal 3: Single value is defined as the requirement for all AoA separation.

Another issue is whether the AoA separation should also be declared by UE in the test, and we think this issue is related to the way we define requirements. If different UE implementations are considered which the requirement is defined for worst case, the AoA separation should not be declared.

Observation 5: If single value is defined for all AoA separation to accommodate different UE implementations, the UE should pass the test under any AoA separation and the AoA separation declaration is not needed. 

2.4 ETC VS NTC
This controversial issue actually is already discussed in the previous release and we prefer not to trigger similar discussions in this WI again. Considering we use legacy spherical power level as fixed DL power, it is suggested the same wording is applied, i.e., the requirement is only verified in normal temperature condition. 

Proposal 4: The multi-Rx requirement is also only verified under normal temperature condition.
3. Conclusion
In this contribution, we provide our views on FR2 multi-Rx remaining issues, and our proposals are listed below:
Observation 1: Under 180° offset, the P/F status for +AoA offset and -AoA offset will be same since the antenna probes’ locations are unchanged, which means the final probability of OR combining and arithmetic mean also will be exactly same. 

Observation 2: Even with OR combing, the UE performance at 150° cannot guarantee that UE can satisfy the requirement under 180°.

Observation 3: There is only tiny performance degradation (<0.5%) under the best UE orientation if the blockage regions are not counted. 

Observation 4: The overall probability difference between AoA separations is not significant if different UE implementations need to be considered.

Observation 5: If single value is defined for all AoA separation to accommodate different UE implementations, the UE should pass the test under any AoA separation and the AoA separation declaration is not needed. 

Proposal 1: Take the arithmetic mean as the combining method.

Proposal 2: Further discuss the following options on how to treat 180° AoA separation:
· Option 1: No need to consider this 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.

Proposal 3: Single value is defined as the requirement for all AoA separation.

Proposal 4: The multi-Rx requirement is also only verified under normal temperature condition.
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