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1. Introduction
In previous meeting, many companies submit the simulation results for overall probability and some agreements on RF requirement construction was agreed. This TP capture the progress into the TR.
2. Text proposal
<<Start of Change>>
[bookmark: _Toc144300298]6.1.3	Requirement metric
6.1.3.1	General
Two similar proposals were made along with the respective mathematical framework. Both aim to capture the probability of supporting 2 AoA reception for a given AoA separation but differ in the weighting assigned to the outcomes of all tested pairs. One method aims to capture the overall probability based on evaluation over the entire sphere, while the other limits evaluation to some subset of AoA pairs. It was agreed to pursue the overall probability based on evaluation over the whole sphere for this feature.

<<Next Change>>
[bookmark: _Toc144300305]6.1.3.4	Summary 
<Editor’s note: this clause will be added when there is a stable conclusion>
After considering the Pros and Cons of different methods, RAN4 agreed to use overall probability with arithmetic mean combining as the metric for this feature.


<<Next Change>>


[bookmark: _Toc144300318]6.3.7	Consideration of AoA separation
[bookmark: _Toc144300299]6.3.7.1	Candidate AoA separation 
To reveal whether, in real networks, a multi-Rx UE has a clear tendency for the angle between TRPs that can be accessed, system level simulation is performed and the results are recorded in Annex A.2. The conclusion is that UE can access to TRP pairs only if the channel conditions are good enough, and there are no obvious preferred AoA separation. For simplicity while taking into account the constraints of the test system, 30°, 60°, 90°, 120°, 150° are agreed as the candidate AoA separations for requirement design.
6.3.7.1	1AoA vs 2 AoA
How many AoA separations are needed to meet the requirement at the same time is the first problem to be solved. A popular option is to verify at least two AoA separations, one from [30°, 60°, 90°] and another one from [120°, 150°], and the intention is to get a full picture of UE performance. 

As the simulation results shown in Annex A.8, when AoA separation changes, different UE implementation will show different trends, e.g., For the case that panels in opposite side, UE performance become better when the AoA separation is larger, but when panels in same side, UE performance will be worse with the increase of AoA separation. Due to the different trends, if two different AoA separations need to meet the requirements simultaneously, to accommodate different UE implementation, the requirement for each AoA separation will always be gated by the implementation that has the worst performance. To avoid such restriction, RAN4 agree that only 1AoA separation from all candidates need to be verified.

6.3.7.2	Specified vs declared

Another problem is that which AoA separation should be selected from the candidates and two options are raised during the discussion. One is to only specify one AoA separation in the specification, e.g., 90°, and with this approach, the worst performance across different placement of antenna modules should be used as requirement to accommodate different implementations. Another approach is to allow UE to declare its preferred AoA separation and the requirement for each AoA separation from candidates needs to be introduced in specification. Using this approach, the requirement will be linked to the UE implementation to show the best performance that one UE may achieved while avoiding put unnecessary restriction on UE implementation. The rules to construct the requirement is agreed as below:
· Three types of reference UE implementation (two panels on the same side, two panels on the adjacent side and two panels on the opposite side) will be used to determine the core requirement:
· If the AoA offset would be declared by UE 
	AoA offset (degrees)
	30°
	60°
	90°
	120°
	150°

	Reference UE
	same
	same
	adjacent
	opposite
	opposite







· If the AoA offset would be specified in the standard.
	AoA offset (degrees)
	30°
	60°
	90°
	120°
	150°

	Reference UE
	Min (same, adjacent, opposite)
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )







.



To better show UE performance under this feature, RAN4 agreed that the AoA separation to be verified can be declared by UE.



<<Next Change>>

[bookmark: _Toc144300319]7	Conclusion
<Editor’s note: this clause will be added when there is a stable conclusion>
Based on the results in A.8, the average value for each AoA separation after taking out outlier are shown in below:

Table 7-1 average value based on the simulation results across companies
	
	30°
	60°
	90°
	120°
	150°

	Qualcomm Incorporated
	　
	10.3
	17.1
	23.9
	37.6

	Apple
	　
	
	12.3
	25.6
	36.0

	LG Electronics
	9.4
	6.5
	12.5
	19.2
	20.0

	Samsung
	17.0
	12.0
	11.0
	17.0
	23.0

	Sony Ericsson
	26.9
	21.6
	16.2
	24.8
	33.0

	vivo
	21.9
	14.5
	11.9
	18.6
	24.3

	OPPO
	28.9
	23.0
	18.1
	19.9
	32.7

	Huawei, HiSilicon
	20.0
	14.4
	14.9
	17.4
	21.7

	Average 
	20.7
	14.6
	14.3
	20.8
	28.5



For the small AoA separation, a few companies have concern on the higher interference power level which may burden on Rx chain performance. To accommodate this concern, some margins are reserved for 30°, 60°, 90°, and the following table is agreed as final requirements:

Table 7-2: Multi-Rx requirement for power class 3
	AoA separation (degrees)
	Probability (%)

	30
	18.5

	60
	13.5

	90
	12.5

	120
	20.5

	150
	28.5




[bookmark: _Toc134267464][bookmark: _Toc144300320]Annex <A>:
Simulation results

A.8 Simulation campaign for requirement design
Background
This section summarizes the simulation results from companies for final RF requirement, and the results for 3 typical UE implementations and 2 candidate combining methods are provided. 

Table A.8-1 Overall probability for OR combining
	OR combining
	Panels in adjacent faces

	
	30
	60
	90
	120
	150
	180

	Qualcomm Incorporated
	　
	23.7
	33.6
	35.4
	26.6
	　

	Apple
	13.7
	22.5
	24.4
	21.7
	16.6
	12.0

	LG Electronics
	8.2
	16.3
	24.9
	24.5
	28.2
	28.6

	Samsung
	8.0
	17.0
	21.0
	15.0
	7.0
	1.0

	Sony, Ericsson
	11.6
	23.2
	33.0
	32.0
	27.0
	13.6

	vivo 
	11.6
	23.2
	33.0
	32.0
	27.0
	13.6

	OPPO
	11.1
	20.2
	23.0
	19.7
	15.5
	7.7

	Huawei, HiSilicon
	13.5
	26.6
	36.1
	28.0
	17.0
	5.9

	Nokia
	
	
	
	
	
	



	OR combining
	Panels in opposite faces

	
	30
	60
	90
	120
	150
	180

	Qualcomm Incorporated
	　
	7.0
	22.0
	40.9
	48.4
	　

	Apple
	0.1
	9.6
	27.0
	45.6
	49.4
	48.1

	LG Electronics
	0.0
	3.3
	19.6
	38.4
	39.9
	46.3

	Samsung
	0.0
	4.0
	19.0
	35.0
	37.0
	29.0

	Sony, Ericsson
	1.5
	7.6
	24.9
	47.1
	47.1
	38.1

	vivo 
	1.5
	7.6
	24.9
	47.1
	47.1
	38.1

	OPPO
	3.6
	9.8
	23.0
	35.0
	38.2
	28.3

	Huawei, HiSilicon
	14.2
	13.4
	20.5
	36.3
	46.1
	39.4

	Nokia
	
	
	
	
	
	



	OR combining
	Panels in same faces

	
	30
	60
	90
	120
	150
	180

	Qualcomm Incorporated
	　
	20.6
	37.5
	31.4
	17.3
	　

	Apple
	　
	
	
	
	
	　

	LG Electronics
	18.8
	13.0
	21.5
	6.6
	0.0
	0.0

	Samsung
	23.0
	23.0
	9.0
	1.0
	0.0
	0.0

	Sony, Ericsson
	41.5
	37.1
	32.1
	29.5
	27.2
	18.6

	vivo 
	41.5
	37.1
	32.1
	29.5
	27.2
	18.6

	OPPO
	32.6
	27.1
	25.2
	20.6
	16.1
	10.7

	Huawei, HiSilicon
	41.2
	39.4
	31.2
	21.5
	16.2
	11.8

	Nokia
	
	
	
	
	
	



Table A.8-2 Overall probability for arithmetic mean combining
	Arithmetic mean
	Panels in adjacent faces

	
	30
	60
	90
	120
	150
	180

	Qualcomm Incorporated
	　
	12.8
	17.1
	17.8
	15.9
	　

	Apple
	8.6
	12.5
	12.3
	11.6
	10.7
	11.7

	LG Electronics
	4.1
	8.1
	12.5
	12.3
	14.1
	14.3

	Samsung
	4.0
	9.0
	11.0
	7.0
	4.0
	1.0

	Sony, Ericsson
	5.8
	11.6
	16.6
	16.0
	14.6
	13.6

	vivo 
	5.8
	11.6
	16.6
	16.0
	14.6
	13.6

	OPPO
	6.1
	11.3
	11.9
	10.3
	8.9
	7.7

	Huawei, HiSilicon
	6.8
	13.5
	18.1
	14.0
	8.6
	5.9

	Nokia
	10.7
	16.5
	18.0
	15.5
	8.6
	6.3



	Arithmetic mean
	Panels in opposite faces

	
	30
	60
	90
	120
	150
	180

	Qualcomm Incorporated
	　
	3.5
	11
	23.9
	37.6
	　

	Apple
	0.0
	4.8
	13.5
	25.6
	36.0
	47.5

	LG Electronics
	0.0
	1.7
	9.8
	19.2
	20.0
	23.0

	Samsung
	0.0
	2.0
	10.0
	17.0
	23.0
	29.0

	Sony, Ericsson
	0.7
	3.8
	12.7
	24.8
	33.0
	38.1

	vivo 
	0.7
	3.8
	12.7
	24.8
	33.0
	38.1

	OPPO
	1.9
	5.0
	12.0
	18.6
	24.3
	28.3

	Huawei, HiSilicon
	7.1
	6.7
	10.3
	19.9
	32.7
	39.3

	Nokia
	4.0
	9.6
	17.2
	25.1
	25.3
	22.6



	Arithmetic mean
	Panels in same faces

	
	30
	60
	90
	120
	150
	180

	Qualcomm Incorporated
	　
	10.3
	18.8
	15.7
	8.7
	　

	Apple
	　
	
	
	
	
	　

	LG Electronics
	9.4
	6.5
	10.7
	3.3
	0.0
	0.0

	Samsung
	17.0
	12.0
	5.0
	1.0
	0.0
	0.0

	Sony, Ericsson
	26.9
	21.6
	17.6
	16.0
	17.6
	18.6

	vivo 
	26.9
	21.6
	17.6
	16.0
	17.6
	18.6

	OPPO
	21.9
	14.5
	12.8
	10.5
	9.2
	10.7

	Huawei, HiSilicon
	28.9
	23.0
	16.3
	10.8
	9.3
	11.6

	Nokia
	12.4
	15.8
	17.8
	15.5
	8.3
	4.3




<<End of Change>>
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