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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. 
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The followings were agreed in [1].
	1.1 Data process method on companies’ input
1. There are 9 starting UE orientation options per annex J of TS38.101-2 for multiRX. 
2. Companies are encouraged to consider realistic packaging including metal and plastic housings, as well as H and V imbalance.
3. 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)
	30o
	60 o
	90 o
	120 o
	150 o

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



1.2 Combining method
· Option 1 – arithmetic mean
· Option 2 – OR combining
1.3 AoA offset
· Further discuss if the AoA offset should be declared by UE or specified in the standard 

1.4 Additional RF impairment for 30 degree and 60 degree AoA offsets
· Companies are allowed to provide further analysis if sufficient margin has been taken into account for 30 and 60 degrees AoA offsets




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.
· 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)
· The pass ratio is calculated after calibration of spherical coverage 50%.

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
	0.0
	1.7
	9.8
	19.2
	20.0
	23.0

	panels in adjacent sides
	4.1
	8.1
	12.5
	12.3
	14.1
	14.3

	panels in same side
	9.4
	6.5
	10.7
	3.3
	0.0
	0.0



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

	panels facing opposite directions
	0.0
	3.3
	19.6
	38.4
	39.9
	46.3

	panels in adjacent sides
	8.2
	16.3
	24.9
	24.5
	28.2
	28.6

	panels in same side
	18.8
	13.0
	21.5
	6.6
	0.0
	0.0





Table 2.3 shows the pass ratio for UE declaration of AoA offset. 
· Table 2.3: Pass ratio for UE declaration of AoA offset 
	AoA offset (degrees)
	30o
	60 o
	90 o
	120 o
	150 o

	Reference UE
	same
	same
	adjacent
	opposite
	opposite

	Pass Ratio        [Arithmetic mean] (%)
	9.4
	6.5
	12.5
	19.2
	20.0

	Pass Ratio              [OR combining] (%)
	18.8
	13.0
	24.9
	38.4
	39.9



Table 2.4 shows the pass ratio for standard specification of AoA offset. 
· Table 2.4: Pass ratio for specfication in standard 
	AoA offset (degrees)
	30o
	60 o
	90 o
	120 o
	150 o

	Reference UE
	Min (same, adjacent, opposite)

	Pass Ratio         [Arithmetic mean] (%)
	0.0
	1.7
	9.8
	3.3
	0.0

	Pass Ratio             [OR combining] (%)
	0.0
	3.3
	19.6
	6.6
	0.0



The simulation results are proposed to be considered for the UE RF requirements for FR2 simultaneous multiRx.
Proposal 1: Consider the simulation results in Table 2.1 and Table 2.2 for UE RF requirement. 
If the AoA offset is specified in the standard, 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.

For methodology of pass ration, ‘OR combining’ is preferred considering that the pass ratio is higher than the pass ratio of ‘arithmetic mean’.
Proposal 2: Consider ’OR combining’ for UE RF requirement.

For example, the requirement can be as Table 2.5 for UE declaration, and as Table 2.6 for specification in the standard.
· Table 2.5: Pass ratio for UE declaration 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	OR combining 

	30
	19

	60
	13

	90
	25

	120
	38

	150
	40



· Table 2.6: Pass ratio for specification in the standard 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	OR combining 

	90
	20




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]. 
Proposal 1: Consider the simulation results in Table 2.1 and Table 2.2 for UE RF requirement. 
· Table 2.1: Pass ratio (%) with ‘arithmetic mean’
	
	30o
	60o
	90o
	120o
	150o
	180o

	panels facing opposite directions
	0.0
	1.7
	9.8
	19.2
	20.0
	23.0

	panels in adjacent sides
	4.1
	8.1
	12.5
	12.3
	14.1
	14.3

	panels in same side
	9.4
	6.5
	10.7
	3.3
	0.0
	0.0



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

	panels facing opposite directions
	0.0
	3.3
	19.6
	38.4
	39.9
	46.3

	panels in adjacent sides
	8.2
	16.3
	24.9
	24.5
	28.2
	28.6

	panels in same side
	18.8
	13.0
	21.5
	6.6
	0.0
	0.0



Proposal 2: Consider ’OR combining’ for UE RF requirement.
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