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1. Introduction
The revised work item on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved at TSG RAN#100 [1]. One of the objectives of this work item is to:
•	Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs.
Moreover, it is stated in the WID [1] that:
•	The legacy spherical coverage requirement for reception from a single direction will be kept
And that:
•	PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized.
The subject was discussed at TSG RAN4#108 and the WF was agreed [2].
2. Discussion 
In RAN4 #108 meeting, a common WF [2] was approved. This contribution provides Nokia’s further views on ‘UE RF requirements for FR2-1 multi-Rx chain DL reception’ topic for defining the RF requirements for FR2-1 multi-Rx chain DL reception from two directions for PC3 UEs.



2.1 Combining method to compute Pregional in metric
	Combining method’ to compute Pregional in metric
Background: Baseline Metric from WF R4-2306604 (106-Bis):
 For UEs required to fulfil a requirement on the probability for 2AoA reception, the metric for a given AoA separation is the spatial average:

Pdirectional(1,1)  is given by:
	Option 1 – arithmetic mean 
	

	Option 2 – OR (*)
	



Recommended WF:
Companies are encouraged to provide analysis of  pros & cons for each combining method. 


Within a grid setup featuring constant step size, each testing point corresponds to two distinct Angle of Arrivals (AoA): one positive (+AoA) and one negative (-AoA) angular separation. This arrangement implies that, under specific conditions of AoA separation and UE orientation, there are two separate sets of outcomes. As previously agreed upon as the preferred approach, when dealing with a particular angular separation between two TRPs and specific UE orientation, maintaining equal DL power levels matching the legacy spherical coverage power levels for both TRPs, the result at each point is generated based on two AoA pairs: one +AoA and -AoA pair.

To arrive at an overall fair test result, it is crucial to treat these two sets of results, as described above, as distinct, and separate entities. Merely employing a logical OR operation to combine the outcomes may not sufficiently guarantee an accurate assessment of the UE’s capacity for multiple receptions. Such an approach could lead to a situation where a UE, equipped with antenna panels of varying performance, could pass the test with ease by predominantly relying on its superior antenna panel. This could result in artificially inflated results, even when genuine coverage improvement is not occurring. 

Therefore, considering the arithmetic mean combining method emerges as a more suitable approach for determining the regional probability. Using this method, we can achieve a fair and balanced assessment of the UE’s ability to receive signals from multiple TRPs, ensuring that the results accurately reflect its performance without artificially inflating its capabilities.
Observation 1: For a fixed AoA separation and UE orientation, the test results corresponding to +AoA offset and -AoA offset will be independent.
Proposal 1: Use arithmetic mean combining approach to determine the regional probability.  

2.2 Ao A offsets for the UE RF requirement
	WF: 
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. The following table is used as template:
 
	
	30
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	90
	120
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	Impementation#1
	
	
	
	
	
	

	Impementation#2
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In accordance with the WF (1) discussed in RAN4 #108 meeting, we performed simulations for spherical coverage using a realistic form factor DUT equipped with 1x4 antenna arrays, by taking into account various UE implementations and orientations. The subsequent figures illustrate the different UE implementations and orientations employed to produce the results. 


        
 (a)                                                                                                        (b)


                       (c)
Figure 1: (a) Implementation#1: Antenna panels/modules on the adjacent sides), (b) Implementation#2: Antenna panels/modules on the opposite sides, (c) Implementation#3: Antenna panels/modules on the same sides

UE Orientations:
The different allowed UE orientations are defined in Annex-J “UE Coordinate System” of TS 38.101-2 and are reproduced below. At high level, three different UE orientations are possible:
1. Alignment Option 1: UE’s top/bottom aligned with P0 position (z-axis)
(Reference: Table J.2-1, TS 38.101-2)
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	Alignment Option 1,
Orientation 1
	Alignment Option 1,
Orientation 2-Option 1
	Alignment Option 1,
Orientation 2-Option 2



2. Alignment Option 2: UE’s front/back aligned with P0 position (z-axis)
(Reference: Table J.2-2, TS 38.101-2)
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	Alignment Option 2, 
Orientation 1
	Alignment Option 2, 
Orientation 2-Option 1
	Alignment Option 2, Orientation 2-Option 2




3. Alignment Option 3: UE’s front/back aligned with P0 position (z-axis)
(Reference: Table J.2-3, TS 38.101-2)
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	[image: DUTalignment03_trimetric_Matricesv1]
	[image: DUTalignment03_trimetric_Matricesv1]

	Alignment Option 3, 
Orientation 1
	Alignment Option 3, 
Orientation 2-Option 1
	Alignment Option 3, Orientation 2-Option 2



Figure 2: UE orientations

Table 1 provides a summary of spherical coverage values derived from our simulations. For each UE implementation, we performed simulations with three different UE orientations, as illustrated in Figure 2. The results for each AoA offset are determined based on the best UE orientation associated with each specific UE implementation. 
Table 1: Percentage of Spherical Coverage
	UE Implementations
	30
	60
	90
	120
	150

	Implementation#1
	12 %
	31 %
	35 %
	35 %
	30 %

	Implementation#2
	7 %
	20 %
	33 %
	41 %
	50 %

	Implementation#3
	10 %
	28 %
	37 %
	28 %
	30 %
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Figure 3: Pass ratio for a multi-Rx DUT having antenna panels on adjacent sides
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Figure 4: Pass ratio for a multi-Rx DUT having antenna panels on opposite sides
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Figure 5: Pass ratio for a multi-Rx DUT having antenna panels on same sides

The data in Table 1 highlights a noteworthy trend in the DUT implementation when the antenna panels are positioned on adjacent sides. The likelihood of passing the test for a specific AoA offset exhibits considerable variability. For instance, with Implementation#1, the probability is 12% at 30° AoA offset, but it escalates to 35% at 120° AoA offset. Likewise, when considering the DUT implementation featuring antenna panels on opposite sides, the probability of successfully passing the test at a specific AoA offset demonstrated notable fluctuations. As an illustration, with Implementation#2, the probability stands at 7% for a 30° offset, but it surges to 50% at an offset of 150° within the same implementation. 
The above analysis highlights the importance of defining unique requirements for each AoA offset for the multi-Rx RF test. During the test, the requirements corresponding to the selected AoA offset will be in effect and should be adhered to accordingly. 
Observation 2: By defining the requirement using either the least or average of the individual coverage probabilities in a given AoA offset from  (30⁰, 60⁰, 90⁰, 120⁰, 150⁰, 180⁰) will result in too relaxed passing criteria making the purpose of this test meaningless.
Proposal 2: RAN4 to define the multi-Rx requirement as shown in Table 1 below. The values F30, F60, F90, F120, F150, F180 need to be agreed based on companies’ simulation results.
	AoA Separation (degrees)
	Probability (%)

	30
	F30

	60
	F60

	90
	F90

	120
	F120

	150
	F150

	180
	F180




3. Conclusions
In this contribution, we make the following observations and conclusions:
Observation 1: For a fixed AoA separation and UE orientation, the test results corresponding to +AoA offset and -AoA offset will be independent.
Observation 2: By defining the requirement using either the least or average of the individual coverage probabilities in a given AoA offset form  (30⁰, 60⁰, 90⁰, 120⁰, 150⁰, 180⁰) will result in too relaxed passing criteria making the purpose of this test meaningless.
Proposal 1: Use arithmetic mean combining approach to determine the regional probability.  
Proposal 2: RAN4 to define the multi-Rx requirement as shown in Table 1 below. The values F30, F60, F90, F120, F150, F180 need to be agreed based on companies’ simulation results.
	AoA Separation (degrees)
	Probability (%)

	30
	F30

	60
	F60

	90
	F90

	120
	F120

	150
	F150

	180
	F180
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