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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
Proposals for requirement value by AoA offset
The calibration guideline recorded in the last WF [6] for UEs with realistic module field data was investigated for comparative purposes to a previous approach of using modules constructed from multiple copies of a ‘standard element’. Below are example calculations in graphical form for respectively, a UE with modules on adjacent sides and a UE with modules on opposite sides using realistic module data. Both combining methods were evaluated (OR and arithmetic mean), but only the results for the arithmetic mean method are shown (mean method is similar). Significant performance imbalance across the two agreed DL polarization combinations is evident, see figure 2.1-1.:

Figure 2.1-1: Example performance difference between the TRP DL polarization orientations of respectively,  phi-phi and theta-theta, using realistic module data

The values used for further evaluation are the averages across the DL polarization combinations for each case, per previously agreed convention (red curves). The performance projections for both combining methods and all 3 relative 2-module orientations results are recorded below in figure 2.1-2. In each case the UE is assumed to be oriented in the positioner optimally for the UE’s specific design (for example, in terms of: 4x1 module locations and long axis orientations relative to the 2AoA grid). The two cases considered are realistic module data and modules constructed from the standards element in 38.810.

The comparison confirms that there is good agreement between the new guideline [6] and previous approaches. Performance projections using realistic module data case are also included below in tabular form . They are used as the basis for our proposal for the UE RF requirement. 

Figure 2.1-2: Comparison of projected performance when using a standards element versus using realistic module field data 


Observation 1:  There is good agreement between the calibration method for UEs constructed from realistic module data and prior calibration methods that adjust the model to be marginal to the requirement for both peak direction as well as the spherical coverage criterion.

	Realistic modules on adjacent faces

	AoA offset
	OR
	Arith. mean

	 (degrees)
	%
	%

	60
	23.7
	12.8

	90
	33.6
	17.1

	120
	35.4
	17.8

	150
	26.6
	15.9




	Realistic modules on opposite faces

	AoA offset
	OR
	Arith. mean

	 (degrees)
	%
	%

	60
	7.0
	3.5

	90
	22.0
	11.0

	120
	40.9
	37.6

	150
	49.2
	49.2



	Realistic modules on the same face

	AoA offset
	OR
	Arith. mean

	 (degrees)
	%
	%

	60
	20.6
	10.3

	90
	37.5
	18.8

	120
	31.4
	15.7

	150
	17.3
	8.7



In [5] we explained the problem with specifying both, a requirement value as well as an AoA offset. We elaborate on this problem by gaming out the process of requirement value derivation in the table below for arithmetic mean combining, see figure 2.1-3, the process for OR combining is similar:
Min
Max
Figure 2.1-3: Requirement derivation process 

Requirement by UE declared AoA separation: 
The yellow highlight shows how the requirement would be derived as the minimum value of the best case of all implementations, if the requirement were set per UE declaration of AoA offset. (~18%)

Requirement at specified AoA separation: 
The cyan tinted cells  show how the requirement targets would be set per specified AoA offset as the minimum value for that AoA offset over all reasonable implementations. Unfortunately, at this time there is no clear argument from a deployment perspective on how to choose one AoA offset over another. In absence of that motivation, it would be appropriate to pick an AoA offset that can showcase the UE’s capabilities.

Observation 2: If the AoA offset for meeting the requirement is specified as a hard number, the optimal result seems to be for an AoA offset of 120 degrees.

Observation 3: If a UE can fulfill the requirement at its declared AoA offset, the UE RF requirement target can be higher, ~18 % vs ~ 16% in the example.
Combining method
We have previously pointed out some aspects of OR combining [5] that are difficult to justify from the point of view of scoring a UE according to its performance: 
1. The OR formulation relies on subjective arguments for its justification, but it cannot be derived mathematically. 
2. The OR formulation is insensitive to UE performance, because the OR operation obscures lack of functionality by effectively ‘rounding up’ the directional probabilities. 
The arithmetic mean formulation also has some negatives against it, primarily, diminished metric values for reasonable UE implementations, due to heavy influence from the intrinsic legacy coverage area of the UE. This is a legitimate concern which can be addressed with a normalization process where the dividing normalizing factor is the probability to choose two in-coverage AoAs. The physical meaning of the agreed performance metric is ‘the probability that two randomly chosen directions can support 2AoA DL’. After normalization the meaning would change to ‘the probability that two randomly chosen in-coverage directions can support 2 AoA DL’. 
This normalization has the impact of removing the large dependence of the requirement target value of the metric on the inherent spherical coverage of the UE, and instead focuses on the UE’s ability to deploy mutually isolated beams inside the coverage region. This type of normalization also does not make any presumptions on the number of modules in the UE. For example:
1. PC3: since the spherical coverage area requirement is 50%, the probability to choose an AoA that is in-coverage is 0.5. The probability that two randomly selected AoAs are both in coverage is therefore 0.5*0.5 = 0.25. If the 2AoA spherical coverage probability is 22% without normalization, it would become 0.88 after normalization.
2. PC1/5:  since the spherical coverage area requirement is 15%, the probability to choose an AoA that is in-coverage is 0.15. The probability that two randomly selected AoAs are both in coverage is therefore 0.15*0.15 = 0.0225.
Another aspect that must be explained is the meaning of a normalized probability that is > 100%, should it arise: this means that the UE is more likely to support 2 AoA operation in the test system than a ‘standard PC3 UE’ can under a generalized 2AoA search.  
Proposal 1: Choose arithmetic mean for the combining method, due to stronger mathematical consistency with the general formulation (idealized N2 search) from which the metric was derived. 
Proposal 2: The agreed requirement metric is normalized by dividing by the joint probability to choose 2 in-coverage directions, so the metric will mean ‘the probability that two randomly chosen in-coverage directions can support 2 AoA DL’ (example: PC1 normalizing dividing factor is 0.15*0.15, PC3 is 0.5*0.5).
The performance projections published in this contribution do not reflect this normalization. Normalization can be applied as a post-process after discussion of un-normalized values. For example, if the un-normalized target is 18%, the normalized value for PC3 would be 0.18/(0.5*0.5) = 0.72.
Using the proposals above and observation 2 and 3, it is possible to put together a proposal for the UE RF requirement
Proposal 3: RAN4 to consider as the (un-normalized) requirement:
· 15.7% @ 120⁰ AoA offset in case the latter is specified in the standard, or 
· 17.8%  in case the UE is allowed to declare the AoA separation where it can meet the requirement.
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). This capability may be developed further in the future to also accommodate multi-AoA testing. To reduce UE testing burden however we think it is reasonable to suggest to RAN5 that ETC verification can be skipped for this requirement. 
Core requirements function as a design goal. For hand-held UEs, it is not justifiable for the core requirement to tacitly allow some feature to stop working outside a narrow window of temperatures. Core requirements applicability therefore are best left as being applicable over ETC. 
Observation 4: Core requirements serve as a design goal and it is not justified for core requirements to suggest some UE RF performance aspects can degrade over temperature while most others cannot.
Conclusions
Unless otherwise noted, observations and proposals below apply to UEs that support either mDCI or sDCI schemes.
Observation 1:  There is good agreement between the calibration method for UEs constructed from realistic module data and prior calibration methods that adjust the model to be marginal to the requirement for both peak direction as well as the spherical coverage criterion.

Observation 2: If the AoA offset for meeting the requirement is specified as a hard number, the optimal result seems to be for an AoA offset of 120 degrees.

Observation 3: If a UE can fulfill the requirement at its declared AoA offset, the UE RF requirement target can be higher, ~18 % vs ~ 16% in the example.

Proposal 1: Choose arithmetic mean for the combining method, due to stronger mathematical consistency with the general formulation (idealized N2 search) from which the metric was derived. 
Proposal 2: The agreed requirement metric is normalized by dividing by the joint probability to choose 2 in-coverage directions, so the metric will mean ‘the probability that two randomly chosen in-coverage directions can support 2 AoA DL’ (example: PC1 normalizing dividing factor is 0.15*0.15, PC3 is 0.5*0.5).
Proposal 3: RAN4 to consider as the (un-normalized) requirement:
· 15.7% @ 120⁰ AoA offset in case the latter is specified in the standard, or 
· 17.8%  in case the UE is allowed to declare the AoA separation where it can meet the requirement.
Observation 4: Core requirements serve as a design goal and it is not justified for core requirements to suggest some UE RF performance aspects can degrade over temperature while most others cannot.
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AoA offset  Adja cent faces  Opposite faces  Same face  Requirement value  by offset  

(degree s)  %  %  %  %  

60    12. 8  3.5  10.3  3.5  

90  17. 1  1 1.0  1 8.8  11.0  

120  17. 8  37.6  15. 7  15.7  

150  15. 9  49.2  8.7  8.7  

Requirement value  by UE choice of  AoA offset   (%)  17.8  49.2  18.8  17.8  
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