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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#107 and the WF was agreed [2].
2. Discussion 
In RAN4 #107 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
For UEs required to fulfil a requirement on the probability for 2AoA reception, the metric for a given AoA separation is the spatial average:

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

	Option 2 – OR combining
	



Agreement: 	
FFS



In a grid arrangement with constant step size, each testing point is associated with two angle of arrivals (AoAs): one positive (+AoA) and one negative (-AoA). This implies that, for a particular AoA separation and UE orientation, there exist two distinct sets of outcomes. As agreed in last way forward, for a specific angular separation between two TRPs and a specific UE orientation with equal DL power level (equal to legacy spherical coverage power level) for both TRPs, the result at each test point is constructed based on two AoA pairs containing that test point, i.e., AoA+ pair and AoA- pair. The overall result is generated by averaging regional results. 

To derive the overall test result in a fair manner, it is necessary to treat two sets of results as described above as independent entities. Simply applying a logical OR operation to merge the outcomes might not adequately ensure the accurate assessment of the UE’s capability for multiple reception. The application of OR combining could lead to a scenario where a UE, equipped with antenna panels of varying performance, could easily pass the test by relying predominantly on its better performing antenna panel. Therefore, considering the arithmetic mean combining method emerges as a more suitable approach for determining the regional probability.
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 AoA offsets to be specified for the UE RF requirement
	Proposals:
· Option 1: UE vendors declare 2 AoA offsets for meeting requirement, one from {30⁰, 60⁰, 90⁰} and one from{120⁰, 150⁰} respectively
· Option 2: 2 AoA offsets are specified in the standard as test conditions, ex; 60⁰ and 150⁰ respectively. 
· Option 3: UE vendors declare 1 AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} for meeting requirement.
· Option 4: requirements for 2 AoA offsets are specified, e.g. 60⁰ and 150⁰. UE vendors can declare which offset to test for meeting the requirement.
· Option 5: requirements for 2 AoA offset ranges are specified, one for {30⁰, 60⁰, 90⁰} and the other for {120⁰, 150⁰}. UE vendors can declare only one offset to test for meeting the requirement of the corresponding range.
Agreement: 
FFS. 180 degree offset is still included in simulation.


For the multi-Rx feature to work properly in the real field, the UE must be capable of receiving the 4 layers from different directions as the direction of the incoming signal will be random (based on UE orientation, TRP location, reflectors/ scatterers, etc.). To test this fairly in an anechoic chamber-based test set up, we must test the DUT for at least two different AoA offsets: one for small and the other for large offset value.
RAN4 has already proposed two different sets in the last WF, namely, small AoA offset set, i.e., {30⁰, 60⁰, 90⁰} and the large AoA offset set, i.e., {120⁰, 150⁰, 180⁰}. For a fair assessment, DUT need to select at least one AoA offset from each set, i.e., at least one AoA from {30⁰, 60⁰, 90⁰} set and other AoA from the {120⁰, 150⁰, 180⁰} set. Furthermore, RAN4 defines the requirements for each AoA offset individually so that the true coverage probability for a given AoA offset will be used for conformance testing. Otherwise, the requirement will be either the least or the average of different coverage probabilities (in a given set), which implicitly will result in too relaxed passing criteria. This will make the purpose of this test meaningless.
Observation 2: By defining the requirement using either the least or average of the individual coverage probabilities in a given AoA offset set ({30⁰, 60⁰, 90⁰} or {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.
Table 1: Requirement for power class 3
	Requirement
	AoA Separation (degrees)
	Probability (%)

	One value chosen by UE by declaration from {30⁰, 60⁰, 90⁰}
	30
	F30

	
	60
	F60

	
	90
	F90

	One value chosen by UE by declaration from {120⁰, 150⁰, 180⁰}
	120
	F120

	
	150
	F150

	
	180
	F180









2.3 Simulation Results
In this section, we present our simulation results showing spherical coverage (probability) of 2 AoAs using the simulation procedure agreed in [3].
In the below figures (Figure 2 & 3), we assume that the UE is either equipped with Array 1 and Array 2 located on its top and right surfaces, respectively, or with Array 2 and Array 3 located on its right and left surfaces, respectively, as shown in Figure 1.


        
Figure 1: DUT having antenna panels/modules on the (a) Adjacent sides (left) , (b) Opposite sides (right) 

The simulation results shown below assume a realistic form factor DUT equipped with 1x4 antenna arrays (either on the adjacent sides or on the opposite sides as shown in Figure 1 above). Table 1 shows the simulation results for both DUT implementations (two panels on adjacent side/opposite side) in terms of percentage spherical coverage. 
Note that in our simulations,  Orientation#1 and Orientation#3 maps to  ‘Alignment Option 1- Orientation 1’ and ‘Alignment Option 3- Orientation 2-Option 1’ of Annex J, TS 38.101-2. However, Orientation#2 and Orientation#4 are defined only for simulation purposes.
It is observed from Table 1 that with the DUT implementation with the antenna panels on the adjacent sides, the probability of passing the test for a given AoA offset varies significantly. For example, it is 12% for 30o offset with Orientation#1 and increases upto 35% with AoA offset 120o/150o with the same Orientation#1.
Similarly, with DUT implementation having antenna panels on the opposite sides, the probability of passing the test for a given AoA offset again varies significantly. For example, it is 7% for 30o offset with Orientation#1 and increases upto 47% with AoA offset 150o with the same Orientation#1. 
This shows that there is a need to define the requirement individually for each AoA offset and the DUT can select its preferred AoA offset during the test. The only requirements will apply corresponding to the AoA offsets being chosen by the DUT (as shown in Table1 of Proposal 2).
Observation 3: With DUT implementation having antenna panels either on the opposite or adjacent sides, the probability of passing the test for a given AoA offset varies significantly.
Table 1: Percentage of Spherical Coverage
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Figure 2: Pass ratio for a multi-Rx DUT having antenna panels on adjacent sides
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Figure 3: Pass ratio for a multi-Rx DUT having antenna panels on opposite sides
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 set ({30⁰, 60⁰, 90⁰} or {120⁰, 150⁰, 180⁰}) will result in too relaxed passing criteria making the purpose of this test meaningless.
Observation 3: With DUT implementation having antenna panels either on the opposite or adjacent sides, the probability of passing the test for a given AoA offset varies significantly.
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.
Table 1: Requirement for power class 3
	Requirement
	AoA Separation (degrees)
	Probability (%)

	One value chosen by UE by declaration from {30⁰, 60⁰, 90⁰}
	30
	F30

	
	60
	F60

	
	90
	F90

	One value chosen by UE by declaration from {120⁰, 150⁰, 180⁰}
	120
	F120

	
	150
	F150

	
	180
	F180
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