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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#101 [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-bis and the WF was agreed [2].
2. Discussion 
In the WF [2], the following issues are open and need further study. This contribution provides Nokia’s further views on the remaining open issues in the WF [2] for defining the RF requirements for FR2-1 multi-Rx chain DL reception from two directions for PC3 UEs.

	Topic #1: UE RF requirements
1.1 [bookmark: _Hlk149129295]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)
	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)




1.2 Combining Method 
Option 1 – arithmetic mean
Option 2 – “or” combination

1.3 AoA Offset 
Further discuss if the AoA offset should be declared by UE or specified in the standard.



2.1	Data process method on companies’ input
We are considering three types of reference UE implementation:
1. Two panels on the same side
2. Two panels on the adjacent side
3. Two panels on the opposite side
These implementations will be used to determine the core requirements based on the specified angle of arrival offset.
Option 1: If the UE declares the AoA offset
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	same
	same
	adjacent
	opposite
	opposite







Option 2: If the AoA offset is 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 )








It is important to note that during the comparison of simulation results across all companies, certain trends were observed:
· For 30 and 60 degrees AoA offset, the UE implementation with two antenna panels on the same side yields the maximum requirement value.
· Similarly, for a 90 degrees AoA offset, the UE implementation with adjacent side antenna panels provides the maximum requirement value.
· On the other hand, for both 120 and 150 degrees AoA offsets, the optimal results are obtained with the opposite side UE panel implementation. 
We, therefore, opt for option 1 due to the varying requirement values based on the specific AoA offsets, as observed during the comparative analysis. In contrast, option 2’s approach of taking minimum requirement value across all the implementations may lead to a generalized and potentially relaxed requirement for each AoA offset. 
Proposal 1: We suggest using Option 1 which based on UE declared AoA offsets and the corresponding reference requirements for each AoA offset.
2.2	Combining Method
To ensure an accurate and fair assessment of the UE’s multi-Rx performance, it is vital to treat the distinct sets of results separately. Merely applying a logical OR operation to combine outcomes of positive and negative AoA pairs may not guarantee an accurate evaluation of the UE’s performance, as it could potentially mask the performance disparities between different AoA pairs. 
Using an arithmetic mean combining method is deemed more appropriate in this context. This approach ensures a balanced assessment of the UE’s signal reception ability from multiple TRPs, thus providing a reliable reflection of its actual performance. It prevents the potential inflation of results leading to a more accurate depiction of the UE’s genuine performance. 
Proposal 2: Use arithmetic mean combining approach to determine the regional probability.
2.3	AoA Offset
In the last few RAN4 meetings, a good progress in terms of evaluating the multi-Rx simulation results of different companies has been made and the two final options are listed in Issue 1.1 of the WF [2]. In order to make the requirements fair which are neither too loose nor too tight, AoA offset should be declared by the UE so that the UE will be tested against its best performance. However, if the AoA offset is specified in the standard, it will force the test requirements to be very loose which further will make: (1) the real purpose of the test to be meaningless, and (2) the multi-Rx a less attractive feature for product implementation.
Hence, we prefer the AoA offset not to be defined in the standard and to be defined by the UE.
Proposal 3: RAN4 to agree that AoA offset to be declared by the UE.
2.4	Simulation Results
We found a typo in the previously submitted Tdoc for the simulation results. Here are the re-submit simulation results based on the exact same simulation condition in [3] by the arithmetic mean combining method.
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 %
	47 %

	Implementation#3
	10 %
	28 %
	37 %
	28 %
	30 %



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 defined in Table J.2-1 of TS 38.101-2. The results for each AoA offset are determined based on the best UE orientation associated with each specific UE implementation. 
The data in Table 1 highlights the likelihood of passing the test for a specific AoA offset that exhibits considerable variability and 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. 
Proposal 4: RAN4 to define the multi-Rx requirement as shown in Table 1 below. The values F30, F60, F90, F120, F150 need to be agreed based on companies’ simulation results.
	AoA Separation (degrees)
	Probability (%)

	30
	F30

	60
	F60

	90
	F90

	120
	F120

	150
	F150


3. Conclusions
In this contribution, we make the following observations and conclusions:
Proposal 1: We suggest using Option 1 which based on UE declared AoA offsets and the corresponding reference requirements for each AoA offset.
Proposal 2: Use arithmetic mean combining approach to determine the regional probability.
Proposal 3: RAN4 to agree that AoA offset to be declared by the UE.
Proposal 4: RAN4 to define the multi-Rx requirement as shown in Table 1 below. The values F30, F60, F90, F120, F150 need to be agreed based on companies’ simulation results.
	AoA Separation (degrees)
	Probability (%)

	30
	F30

	60
	F60

	90
	F90

	120
	F120

	150
	F150
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