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Introduction
A previous WF [4] identified some open items before the FR2 multiRx requirement can be finalized for PC3. We discuss these aspects and their impact on the requirement.
Discussion
Combining method
Based on the agreed formulations of the RF metric [1], our evaluations confirmed that the baseline RF metric (option1) remains the preferred metric [3]. The metric is based on the spatial average of the directional probabilities, where the directional probability is the probability that any direction can be part of a pair of directions that support 2AoA reception. In the formulation, the direction probability takes the form of  a ‘scaled sum of probabilities’ [2]. We also pointed out that:
·  ‘The arithmetic mean method for a small number of equidistant points is … consistent with the general formulation for regional probability’
· ‘The OR combining method is fundamentally an addition operation, and as such, this method can be considered somewhat consistent with the mathematical formulation …’
The OR formulation is inferior to the arithmetic mean due to subjective nature of the justification. The OR formulation also has the subjective effect of obscuring lack of functionality by effectively ‘rounding up’ the directional probabilities. These arguments can be used to resolve choice for determining the direction probability [4]:
	Option 1 – arithmetic mean combining
	

	Option 2 – OR combining
	



Proposal 1: Choose arithmetic mean for the combining method, due to stronger mathematical consistency with the general formulation (idealized N2 search).  
We have also shown that the metric numbers are smaller with arithmetic mean vs OR , but this is not of concern provided the method is consistently adopted in the process to establish requirements.
The concern that the aforementioned ‘smaller’ metric values will somehow devalue the feature and impede future adoption can be addressed with a relatively simple argument: for a standardized PC3 UE with 2 identical modules on opposite faces of a UE, the general formulation yields a value of 0.125, noting that the value is somewhat higher for UEs with modules on adjacent faces, due to distortion introduced by the RAN4 calibration step that ensures the same gain reduction along the 50th %ile direction [2]. The value for a UE with modules on adjacent faces is less than 0.14.
Observation 1: The general formulation metric when evaluated over an idealized N2 search is between 10 % and 15 %.
AoA offsets to be specified in the requirement
The choices in the last WF [4] can be broadly categorized as the requirement to be specified over one AoA offset or 2. 

Performance projections for 2-module UE implementations [3] show that some implementations have modest performance for all AoA offsets while others have strong performance for wider separations and poor performance for narrower separations.  From a network perspective, the first characteristic may be useful for co-located mTRP arrays at the gNB, while the latter may be useful for non-co-located TRPs as well as co-located TRPs in cluttered environments. 

Specifying a requirement at multiple AoA offsets would have one of two implications:
1. UEs now need 3 or more modules, in case a strong requirement is defined over multiple AoA offsets
2. Requirements are geared towards enabling 2 module implementations requirements. At each AoA offset, the requirement derivation process would have to consider all target UE implementations, including those that do not work well for that AoA offsets. The candidate values would be spread, and the requirement would be defined by the worst configuration, resulting in watered down requirements. 

In contrast, the declaration method allows limiting the candidate values to the best value for each UE. This is shown graphically in figure 2.2-1 for the arithmetic mean combining method and assuming a 2-module implementation suffices for this feature.

Choosing single best AoA offset for each UE:
1. Opposite face: 36.1 %
2. Adjacent faces: 17.8 %
Reasonable inclusive requirement at UE declared AoA offset: 15%
Choosing multiple  AoA offsets for each UE (90 and 150 used in this example as ‘narrow’ and ‘wide’ AoA offsets resp.):
1. 90 degrees: 7.4 % and 17.1 %
2. 150 degrees: 36.1 % and 13.9 %
Reasonable inclusive requirement at: 
1. narrow AoA offset: 5%
2. wide AoA offset: 12 %

Figure 2.2-1: Impact on requirement from specifying multiple AoA offsets (2 module UE)


In the example above, the requirement at the narrow offset gets watered down to a meaningless value because at least one 2-module UE implementation type does not perform well in that scenario. Also evident is the catastrophic consequence to the requirement specification process if 60⁰ is chosen as the narrow AoA offset. The alternative, to exclude one subset of 2-module UE implementations, may not be justified either, at least without a supporting channel study. An example of this avenue is precluding UEs with modules at opposite faces by forcing a non-trivial requirement for low AoA offsets. Further complications would need to be addressed, like revisiting simulation assumptions to split modules into sub-panels.

Observation 2: If a UE is specified over multiple AoA separations, either the requirement would be watered down to accommodate all 2-module UEs, or the requirement would implicitly force more modules. 

A further problem is the reasoning and convergence process to choose one AoA offset over another. Finally, there is the very strong test time argument against testing at multiple AoA separations. In conclusion,

Proposal 2: The UE RF requirement is specified at the UE’s declared preferred AoA offset. 
NTC vs ETC
The question of difficulty of testing over ETC is best deferred to the TE community. In our understanding, OTA testing over ETC is already successfully supported by TE (for example REFSENS beam peak search). The other aspect is necessity of specifying over ETC vs NTC. This is a question that could apply to any requirement in the standard, so the assertion that ETC testing may not be necessary is a larger philosophical question not unique to this feature. Finally, if RAN4 agrees that NTC testing is enough it behoves RAN4 to clearly record whether the requirement applies over ETC or not.
Proposal 3: RAN4 to explicitly record whether the requirement applies over ETC or not.
On proposals for consideration for requirement 
The latest WF [4] records that the optimal UE orientation is used towards determining the requirement:
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Comparative performance of the UE in non-optimal orientations would be a good confirmation that the above condition is met. An example of this type of data like performance projections shared in [2].

Observation 3: UE performance projections in multiple orientations would help identify best orientation and the expected UE performance in that orientation. The latter would be used in the averaging process. 

Conclusions
Unless otherwise noted, observations and proposals below apply to UEs that support either mDCI or sDCI schemes.
Proposal 1: Choose arithmetic mean for the combining method, due to stronger mathematical consistency with the general formulation (idealized N2 search).  
Observation 1: The general formulation metric when evaluated over an idealized N2 search is between 10 % and 15 %.
Observation 2: If a UE is specified over multiple AoA separations, either the requirement would be watered down to accommodate all 2-module UEs, or the requirement would implicitly force more modules. 

Proposal 2: The UE RF requirement is specified at the UE’s declared preferred AoA offset. 

Proposal 3: RAN4 to explicitly record whether the requirement applies over ETC or not.
Observation 3: UE performance projections in multiple orientations would help identify best orientation and the expected UE performance in that orientation. The latter would be used in the averaging process. 
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B The following aspects apply:
B 1. UE requirement applies to UE declared orientation(s).

B 2. The UE RF requirement is derived assuming each UE is evaluated in the orientation that yields
the best metric value.

B 3. Candidate orientations for UE to choose from are all the ‘Alignment Options’ in Annex J (J.2) of
38.101-2.




