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In this paper, we provide our views on UE RF requirements for simultaneous DL reception in FR2-1 based on the approved WF [1] and the simulation results. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
The followings were agreed in [1].
	1.1 Combining method to compute Pdirectional in metric 
· Companies are encouraged to provide analysis of pros & cons for each combining method 
· Option 1 – arithmetic mean
· Option 2 – OR combining

1.2 AoA offsets for the UE RF requirement
· The UE only needs to meet the requirement for 1 AoA offset.  
· Options:
· 1. Define a requirement for each candidate AoA offset. 
· 2. The requirement is defined for just 1 AoA offset.
· Companies are encouraged to provide the simulation results of at least 3 UE implementations (panels facing opposite directions, panels in adjacent sides, panels in same side). The results of both OR combing and arithmetic mean are expected to be provided. 
· The results of each AoA offset should be based on the best UE orientation, the best UE orientation can be different for each AoA offset.

1.3 Alternative calibration for a UE model
· Besides the previously agreed calibration condition (UE meets REFSENS as well as EIS spherical coverage), an alternative calibration method for UE models is below:
· The DL power level used in simulation will be adjusted to UE’s EIS CCDF@50%-xile. 
· This means the simulation results for PC3 provided by companies should not exceed 50% for any AoA offset.
· The performance of UE model must meet the legacy REFSENS and EIS spherical coverage requirement

1.4 Details of V/H polarization signal receiving in simulation
· For rank1 DL + MRC
· The procedure above is used to calculate signal and interference levels when gain imbalance exists between V-pol and H-pol in UE module, along with the alternative calibration method for UEs.
· When the procedure above is used for determining interference level, it implies that the interference is also optimally combined, i.e. it represents a worst case interferer polarization condition.
· Companies are encouraged to further check the impact of imbalance between V/H in the final requirement based on the procedure above 




Simulation assumptions: 
· UE panel implementation
· panel_A = panels facing opposite directions
· panel_B = panels in adjacent sides
· panel_C = panels in same side
· Antenna module performance
· Case 1: antenna module#1 and antenna module#2 are assumed to have the same performance gain
· Case 2: antenna module#1 is assumed to have a 3dB lower performance gain than antenna module#2
· [image: ]Case 3: antenna module#2 is assumed to have a 3dB lower performance gain than antenna module#1
· UE orientation
· Z-axis oriented     
· Y-axis oriented 
· X-axis oriented
· Probes are located in the xz plane in [2]

For each panel_A, panel_B, and panel_C, the pass ratio can be calculated as follows based on the [1].
· pass ratio = min(Case1 pass ratio, Case2 pass ratio, Case3 pass ratio) 
· Case1 pass ratio = max (X-axis oriented pass ratio, Y-axis oriented pass ratio, Z-axis oriented pass ratio)
· Case2 pass ratio = max (X-axis oriented pass ratio, Y-axis oriented pass ratio, Z-axis oriented pass ratio)
· Case3 pass ratio = max (X-axis oriented pass ratio, Y-axis oriented pass ratio, Z-axis oriented pass ratio)

Table 2.1 and Table 2.2 show the Pass ratio of ‘arithmetic mean’ and ‘OR combining’ respectively. 
· Table 2.1: Pass ratio (%) with ‘arithmetic mean’
	
	30o
	60o
	90o
	120o
	150o
	180o

	panels facing opposite directions
	0.2
	6.5
	14.9
	23.9
	27.3
	29.3

	panels in adjacent sides
	5.3
	10.3
	14.8
	16.6
	18.5
	18.7

	panels in same side
	13.2
	8.7
	13.5
	8.7
	1.3
	0.0



· Table 2.2: Pass ratio with ‘OR’
	
	30o
	60o
	90o
	120o
	150o
	180o

	panels facing opposite directions
	0.4
	13.0
	29.7
	47.7
	54.7
	58.6

	panels in adjacent sides
	10.6
	20.6
	29.5
	33.2
	36.9
	37.4

	panels in same side
	26.4
	17.5
	27.0
	17.5
	2.7
	0.0



Table 2.3 shows the best Pass Ratio and the worst Pass Ratio between different panels which are highlighted with yellor color and blue color respectively.
· Table 2.3: Best/Worst pass ratio 
	AoA Offset (Degree)
	Best Pass Ratio (%)
	Worst Pass Ratio (%)

	
	Arithmetic mean
	OR combining 
	Arithmetic mean
	OR combining 

	30
	13.2
	26.4
	0.2
	0.4

	60
	10.3
	20.6
	6.5
	13.0

	90
	14.9
	29.7
	13.5
	27.0

	120
	23.9
	47.7
	8.7
	17.5

	150
	27.3
	54.7
	1.3
	2.7

	180
	29.3
	58.6
	0.0
	0.0



Table 2.4 shows the difference of Pass Ratio between above 3 panel implementations.
· Table 2.4: Difference of Pass Ratio between panel implementationso 
	AoA Offset (Degree)
	Difference of Pass Ratio

	
	Arithmetic mean
	OR combining 

	30
	13.0
	26.0

	60
	3.8
	7.6

	90
	1.4
	2.7

	120
	15.1
	30.2

	150
	26.0
	52.0

	180
	29.3
	58.6



The followings are observed.
Observation 1: Pass ratio of OR combining method is higher than that of arithmetic mean method.
Observation 2: The difference of Pass ratio between AOA offsets is lower in arithmetic mean method. 
Observation 3: The difference of Pass ratio between panel implementations is the lowest in AOA offset of 90o. 

For options of the requirements, 
· Option 1: Define a requirement for each candidate AoA offset
· Option 2: The requirement is defined for just 1 AoA offset

For option 1, it is recommended to define the requirement for each candidate AOA offset considering the best Pass Ratio.
For option 2, it is recommended to define the requirement for just AOA offset of 90o because the difference of Pass Ratio between panel implementation is the lowest as observation 3.

Proposal 1: If option 1 is considered, define the requirement for each candidate AOA offset considering the best Pass Ratio. Table 2.5 can be one example of the requirement.
Proposal 2: If option 2 is considered, define the requirement for just AOA offset of 90o. Table 2.6 can be one example of the requirement.
For example, the requirement can be as Table 2.5 for option 1, and as Table 2.6 for option 2 by conider implementation margin.
· Table 2.5: Pass ratio for option 1 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	Arithmetic mean
	OR combining 

	30
	11
	24

	60
	8
	18

	90
	12
	27

	120
	22
	45

	150
	25
	50

	180
	25
	50



· Table 2.6: Pass ratio for option 2 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	Arithmetic mean
	OR combining 

	90
	12
	27



Conclusion
In this contribution, we provided our views on the enhanced FR2-1 UE RF Rx requirements from the simulation results based on the WF[1]. Related observations and proposals are as follows.
Observation 1: Pass ratio of OR combining method is higher than that of arithmetic mean method.
Observation 2: The difference of Pass ratio between AOA offsets is lower in arithmetic mean method. 
Observation 3: The difference of Pass ratio between panel implementations is the lowest in AOA offset of 90o. 

For options of the requirements
· Option 1: Define a requirement for each candidate AoA offset
· Option 2: The requirement is defined for just 1 AoA offset

Proposal 1: If option 1 is considered, define the requirement for each candidate AOA offset considering the best Pass Ratio. Table 2.5 can be one example of the requirement.
Proposal 2: If option 2 is considered, define the requirement for just AOA offset of 90o. Table 2.6 can be one example of the requirement.
· Table 2.5: Pass ratio for option 1 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	Arithmetic mean
	OR combining 

	30o
	11
	24

	60 o
	8
	18

	90 o
	12
	27

	120 o
	22
	45

	150 o
	25
	50

	180 o
	25
	50



· Table 2.6: Pass ratio for option 2 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	Arithmetic mean
	OR combining 

	90 o
	12
	27




References
[1] R4-2314668, “WF on FR2_multiRx_UERF”, Apple
[2] R4-2302522, “System Parameter Assumptions for Multi-AoA Rx Testing”, Keysight Technologies
[3] R4-2307482, “UE RF requirements for simultaneous DL”, LG Electronics

image1.png




