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Introduction
Previous agreements [7] established that the requirement will be based on the spherical coverage of a functional P/F test. There was also a general understanding of the 2TRP scan along with example grid points that could be used for evaluating a UE’s 2TRPs coverage. Several aspects were further identified for further study, like impact of UE behavior as it pertains to DL reception from both TRPs as well as impact of antenna module locations.

In this contribution, we develop a mathematical basis for the spherical coverage requirement. We also identify another source of bias in the data and propose options for resolution. Unless otherwise noted, contents apply to UEs that support either mDCI or sDCI schemes.
Discussion
Mathematical foundation for the UE RF requirement
Background
Progress on the TE scheme as well as a general understanding that the requirement would be based on a functional test were agreed in [7]. To put the requirement discussion on more solid footing it is beneficial to establish the mathematical basis for the parameter that will be specified for the UE RF requirement. 
There is common understanding that the requirement will be in terms of some fraction of sphere that is ‘covered’. For the legacy case, the coverage fraction is the probability that a randomly selected direction is ‘in coverage’, i.e. it meets certain requirements. In contrast, for this feature, the probability of success involves choosing two AoAs at once. If the UE can indeed support 2TRP DL for a particular pair of AoAs (‘test AoA pair’), neither of the 2 AoAs can be considered to independently support the feature.
Observation 1: Unlike in the legacy case where the coverage fraction is the probability that a randomly selected direction is ‘in coverage’, in this feature, 2AoAs must be selected. i.e. there is no single point to classify as in- or out-of-coverage. 
This makes it challenging to define a ‘coverage fraction’ based on successful directions as an extension of the legacy coverage concept. For the sake of accuracy of terminology, we therefore propose refining the intended requirement goal to ‘specifying the probability to support 2TRP DL’, rather than translation to a ‘coverage fraction’. 
Proposal 1: The UE RF requirement metric for the 2TRP DL feature is a probability to support the feature. This is aligned with legacy practice where ‘coverage fraction’ is the probability that a randomly selected direction is ‘in coverage’. 
We therefore think an alternative name for this parameter is in order, like 2TRP overall probability (‘TOP’). Without a representative or descriptive name, there is potential to mislead a reader without the specification development history.
The general case
We first construct the probability of a UE supporting 2TRP DL when the 2 AoAs are randomly selected. This is the general case, assuming no TE constraints. To this end, we first establish a primary or regional probability metric to capture the probability of a UE to support 2TRP Rx, given a fixed (regional) location of one of the TRPs (from the UE’s perspective). The sample space for this probability is the collection of all AoA pairs formed from TRP2 locations that cover the entire sphere (blue surface in the ‘ideal case’ in figure 2.1.2-1) and a given TRP1 location (white star in the ‘ideal case’ in figure 2.1.2-1). 
Figure 2.1.2-1: ‘Regional Probability’ sample space for the general AoA pair case
Ideal case: Each TRP is presented to the UE at any random location (white star). The UE is evaluated when second TRP is moved across all locations on the test sphere (blue surface)

Specifically, for the fixed TRP (‘TRP1’) at some AoA (1,1), the regional probability is evaluated as a spatial average of the pass/fail outcomes for all locations of TRP2.:

Where:
The AoA of the fixed TRP (‘TRP1’) is (1,1).
The AoA of the TRP paired with the fixed TRP (‘TRP2’) is (2,2).
PF (1,1,2,2) is the pass/fail outcome (1/0 respectively) of the 2TRP functionality test under the agreed UERF test conditions.
dS2 is the elemental area associated with the AoA of TRP2
An overall probability that a UE can support 2TRP operation when the TRPs are positioned randomly around the UE can be defined by taking a spatial average of the regional probability over all possible positions of the fixed TRP on the sphere: 

This expression can be re-written as:

While this overall probability was derived by arbitrarily choosing a TRP whose location was fixed for the regional probability, the final expression is symmetric for both TRPs. We can therefore conclude that the choice of the specific TRP to use as the ‘fixed TRP’ for the calculation is not significant, at least for the general case where there are no restrictions on availability of test AoA pairs. 
The regional probability formulation above is now modified for discrete sampling on for a lat-long (constant step-size grid). The expression for constrained probability becomes a weighted sum over all sample points:

Where:
	AW(x) are the area weights associated with the entire sample space of grid points where TRPx can be located. In this case, the weights would be the discretized version of  , or 
The overall probability can similarly be discretized as:

Where AW shares the same meaning as defined above. 
This formulation highlights that if the regional probability can be established for every point on the sphere, it is possible to define an overall probability for the UE. It further highlights that it is possible to decouple the grid used to define the regional probabilities and the grids used by the paired TRP directions to compute the regional probabilities.
Observation 2: The probability of a UE to support 2TRP Rx is a spatial average of regional probabilities. Regional probability is the probability of a UE to support 2TRP Rx, given a fixed location of one of the TRPs. 

This observation is key to guiding future discussion on the overall probability discussion and variants due to TE constraints. For completeness, the expression for overall probability can be rewritten as: 

Annex A includes a short discussion on the implications of this type of probability. 
This expression for the overall probability also highlights that it is generated from an Ngrid2 test AoA pair set, where Ngrid=N * N . This search is commonly understood to be impractical due to difficulties with implementing the Ngrid2 search. This concept however still warrants development for the case where TE constraints apply.
With agreed TE constraint
We first investigate the impact of a test system whose sources (TRPs) are fixed in the ‘XZ’ or horizontal plane, constant step size grid, complementary pair sweep, etc [7]. With this type of TE, each grid point (blue star in figure 2.1.3-1) is paired with just 2 unique grid points (green stars in figure 2.1.3-1). This constraint eliminates the possibility to compute the regional probability by systematic evaluation over the sphere for the paired direction. Note however that the arrangement to associate each grid point with 2 test AoA pairs is however possible for any grid point on the sphere. The association of pairs to a grid point therefore maps to identifying the domain to calculate a regional probability. In other words, the procedure to calculate the regional probability must be modified for the TE-constrained case so it can be derived from the finite set of pairing grid points. 


The two locations (green stars) that the paired TRP (TRP2) can assume in the TE correspond to the intersection of the circle of possible paired TRP locations and the projection of the plane containing the UE and sources on the test sphere.
Figure 2.1.3-1: ‘Constrained Regional Probability’ sample space for the case constrained by practical TE considerations
The orange circle represents the set of all TRP2 locations that are separated from the TRP1 location (blue star) by some fixed AoA separation.

Observation 3: In the formulation for overall probability of supporting 2TRP DL, the TE constraint [3] implies that that the regional probability calculated at each grid point must be modified to depend on a reduced set of test AoA pairs. 
There are multiple ways to quantify this constrained regional probability, described in subsections below. We also make use of the fact that the agreed TE constraint [3] only produces 2 test AoA pairs involving any given grid point of evaluation.
Constrained regional probability by OR combining
In this method, the constrained regional probability for each point is considered ‘1’ if that point is successful in at least one of the AoA pairs it participates in. This strategy represents the ‘OR combining’ method, and is shown below assuming TRP1 is the fixed TRP for this calculation.

The OR combining method is fundamentally an addition operation, and as such, this method can be considered somewhat consistent with the mathematical formulation of regional probability, which is an average (scaled sum). We retain this method just to investigate if it may have pragmatic benefits over a stricter approach like the one below.
Constrained regional probability by arithmetic mean
Note that mathematical formulation of the regional probability in the general case shows it to be a weighted sum of all P/F outcomes, as captured in observation 1. The area weights are those associated with the entire sample space of grid points that contribute to the weighted sum. When the entire sample domain for the constrained regional probability consists only of 2 sample points, the weights for each sample in that sample space equal 0.5. The arithmetic mean method for a small number of equidistant points is therefore consistent with the general formulation for regional probability:

 
Other methods for constrained regional probability
See Annex B for other methods for constructing the constrained regional probability that have been evaluated but discarded.
Constrained overall probability
The overall constrained probability (coverage fraction for 2TRP reception) for any chosen combining method can be captured as the spatial average of the constrained regional probability per observation 2:

This quantity is the overall probability that a UE can support 2TRP operation when tested by the TE with its agreed constraints. The process to calculate the constrained overall probability is shown below:
 
UE behavior proposals for simulation
For simulation alignment, it would be useful to establish common understanding on details pertaining to beam and module selection. Currently the standard does not mandate a specific parameter to be used as criterion for beam selection. Also, in the context of this feature, the essential ‘joint reporting’ enhancement of Rel-17 is limited to RSRP. Furthermore, RSRP is the most basic parameter that can be used for of beam selection, and legacy UE RF requirements were derived using this assumption. For these reasons we adopt the RSRP method as the criterion for beam selection for this feature also. Performance can be improved by adopting more sophisticated techniques or parameters, and this is up to UE implementation.
Proposal 2: Choose option 1 [1.2.14, 7] on beam selection as baseline for simulation: UE selects beam for each module so RSRP of RS from assigned TRP is maximized.
The previous WF [7] highlighted some options pertaining to pairing modules with TRPs. Typically, this too is an implementation choice, but it is useful to establish a ‘lower bound’ behavior. Consider two cases:
1. Module ‘A’ paired with TRP1, module ‘B’ with TRP2. The DL powers in the conducted domain of the UE are -80 dBm and -80 dBm respectively.
2. Module ‘A’ paired with TRP2, module ‘B’ with TRP1. The DL powers in the conducted domain of the UE are -70 dBm and -90 dBm respectively.
A sophisticated UE may use some metric based on perceived interference and furthermore, may use other strategies based on ability to perform joint demodulation. A simpler UE would be one that merely extends legacy behavior: the UE would select the combination that gives the best RSRP for one of the links, i.e. it would try to achieve the -70 dBm connection. This would imply that case 2 should be the expectation of the UE as baseline or lower-bound behavior. This situation is represented from option 1 on module and TRP pairing in [7]. More sophisticated methods like maximizing SINR rather than RSRP is not precluded:
Proposal 3: Choose option 1 [1.2.14, 7] on module selection per TRP for PC3 as baseline for simulation: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP.
Finally, there can be some scenarios where both TRPs are only visible with reasonable power to one of the modules (but not to others). The UE would be faced with a choice to give up on 2TRP receive or to try and receive from both TRPs on the same module. In our estimation, PC3 devices do not possess directional-enough beams after module split to spatially isolate the TRPs for a large fraction of these scenarios. Further, after module split, there is loss of performance on the legacy link, which brings link reliability into question. In conclusion, for standardization, it is beneficial to assume no module splitting. UEs are free to disregard this assumption for implementation.
Proposal 4: Choose option 1 [1.2.14, 7] on module splitting as baseline for simulation: no module splitting behavior is assumed for PC3.
The ‘for PC3’ qualifier in proposals 3 and 5 serves for future proofing if this feature were extended to other power classes, like FWA devices.
Comparison of various requirement assumptions
Common UE assumptions for studies here
In the sub-sections below, we investigate the impact of various assumptions pertaining to the UE requirement, test condition and UE behavior on the measured 2TRP result of simulated UEs. Towards that end, we establish a list of assumptions which are captured in the table below (2.3.1-1).
	WF [7] section
	WF [7] parameter
	Sim. assumption
	Notes

	1.2.1
	Grid details
	Grid from [6]
	2 deg step size grip similar to the 2TRP scan grid from [6]. The grid was used in complementary form, which is equivalent in terms of grid quality to combining the data from + and – AoAsep

	1.2.4
	UE orientation
	(see figure 2.2.1-1)
	Evaluation parameter

	1.2.5
	DL pols
	Compliant with [7]
	

	1.2.9
	DL power level
	Compliant with [7]
	

	1.2.9
	Data combining method
	OR, arithmetic mean
	Evaluation parameter

	1.2.11
	mDCI high level assumptions
	Compliant with [7]
	

	1.2.12
	UE sim assumptions regarding module arrangement
	Compliant with [7]
	Evaluation parameter 

	1.2.13
	Calibration condition
	Compliant with [7]
	Each element had an array pattern from TR38.810, with HPBW adjusted so the UE marginally meets the EIS sph. cov. requirements. Noise adjusted so UE is marginally compliant with REFSENS in best gain direction 

	1.2.14
	Module selection
	Option 1 in [7]
	

	1.2.14
	Beam selection
	Option 1 in [7]
	

	1.2.14
	Module splitting
	Option 1 in [7]
	

	1.2.15
	Packaging assumptions
	 Ignored
	UE complies with the calibration condition (1.2.13 of [7]), which is a stronger condition


Table 2.3.1-1: Common simulation assumptions
We define two spherical coordinate systems: the first is the TE coordinate system attached to the ground and whose z axis points to the legacy source location from the turntable axis, at the level of the UE elevation positioner hinge axis. The XZ plane of this coordinate system is considered horizontal, and the Y axis points away from the ground. The second reference coordinate system is attached to the UE and defined by the positioner motion. Its polar axis aligns with the roll-axis of the legacy positioner. This is the grid from the ‘UE’s perspective’
For ease of discussion of sensitivity to implementation choices as well as sensitivity to UE orientation in the TE positioner, we assume a fixed UE orientation, but we assume that the antenna modules can be relocated to any face and in any orientation relative to the UE. The 4x1 array is characterized by fan shaped beams which are scanned along the narrow dimension of the beam. The module orientation and therefore scanning direction represent another dimension of variation. These are loosely termed horizontal and vertical directions scanning for this study.
UE with modules on opposite facesFigure 2.3.2.1-1: Coverage pattern of example UE with modules on opposite faces

UE and simulation assumptions
A UE with 2 identical modules housed in opposite faces is first investigated. Each module comprised a 4x1 dual polarized element array. The coverage pattern is shown in figure 2.3.2.1-1. Annex C has details on the module locations and orientation in the UE reference coordinate system. Module locations were front/back, left/right and top/bottom.

Preliminary results 
Figures 2.3.2.2-1 shows a comparison of overall probability to support 2TRP DL as a function of the chosen definition for the regional probability (‘combining method’) and UE module orientation. Figure 2.3.2.2-1: OR combining method comparison
Figure 2.3.2.2-2: mean combining method comparison


Note first that the dashed and solid trends for any one color track closely. This suggests that module scanning orientation (H-scanning or V-scanning) seems to make a relatively small difference in the projected overall probability result for a UE with modules on opposite faces. 
Observation 4: The overall probability of a UE with modules on opposite faces to support 2TRP DL is insensitive to beam-scanning orientation (H-scanning or V-scanning), under agreed TE constraints. 
Also note the difference between blue and green curves on the one hand and red curves on the other. This difference illustrates that the calculated overall probability for the same UE changes depending on location of coverage areas relative to the poles of the lat-long grid. This difference is attributable to differing orientation of the test AoA pairs under the TE constraints. We investigate this problem further in the next subsection.
Observation 5: The same UE generates different overall probabilities based on module coverage patterns relative to the UE reference coordinate system with the agreed TE constraints.
Finally, we address combining methods. Both methods show sensitivity to AoA separation. Both methods also demonstrate the same peak value of overall probability to support 2TRP DL, at least for UEs with modules on opposite faces. There is however no clear observation that would suggest preference for one or the other.
Observation 6: Both, the OR combining method and the arithmetic mean method seems suitable for calculating the overall probability to support 2TRP DL, at least for a UE with modules on opposite faces.
UE with modules on adjacent faces
UE and simulation assumptions 
To evaluate the impact of different choices on module orientations relative to the UE reference coordinate system, a UE with 2 identical modules housed in adjacent faces was used. Each module comprised a 4x1 dual polarized element array. The coverage pattern is shown in figure 2.3.3.1-1. Annex C has details on the module orientation in the UE reference coordinate system. Module locations were grouped into two categories. Figure 2.3.3.1-1: Coverage pattern of example UE with modules on adjacent faces

1. In the first category, one module pattern covered the polar region of the reference coordinate system. Examples: Front+Bottom, Front+Top, Front+Right
2. In the second category, both modules cover equatorial regions (away from polar regions). Examples: Top+Left, Top+Right
The list in each category is not exhaustive but deemed sufficient to capture characteristic trends.
Preliminary results 
Figures 2.3.3.2-1 shows a comparison of overall probability to support 2TRP DL for the example UE chosen for the UE positioning study. Category 1 orientations are captured in cool colors (blues and greens), and category 2 orientations are captured in warm colors (reds).
Figure 2.3.3.2-1: OR combining method comparison
Figure 2.3.3.2-2: mean combining method comparison

Here too, the dashed and solid trends for any one color track closely. This suggests that module orientation (H-scanning or V-scanning) seems to make a relatively small difference in the projected overall probability result for a UE with modules on adjacent faces.
Observation 7: The overall probability of a UE with modules on adjacent faces to support 2TRP DL is insensitive to beam-scanning orientation (H-scanning or V-scanning), under agreed TE constraints. 
Also evident is that the trends differ across categories (see 2.3.3.1) of module locations relative to the UE reference coordinate system. Different module locations are equivalent to re-orienting the same UE. Note that the curves belong to UEs with identical or closely related spherical coverage patterns, and so any difference are test system artefacts. This observation is consistent with observation 5 for UEs with modules on opposite faces and can be stated in a general way without qualifying with assumed UE orientation or module location.
Observation 8: Different overall probabilities (to support 2TRP operation under the TE constraints) are calculated for the same UE depending on orientation in positioner.
Finally, a note on combining methods for a UE with modules on adjacent faces: Both combining methods seem capable of scoring the UE’s overall probability to support 2TRP DL.
Observation 9: Both, the OR combining method and the arithmetic mean method seems suitable for calculating the overall probability to support 2TRP DL, at least for a UE with modules on adjacent faces.
Studies summary
The primary problem highlighted by the studies is captured in observation 8: different overall probabilities are calculated for the same UE, depending on its orientation in the positioner. 
The difference can be traced back to the agreed TE constraints that only tests the UE for AoA pairs that lie along longitudes in the UE reference coordinate system. See figure 2.4-1. This is an example of bias being introduced into the data. Recall that another source of bias, not testing for all AoA pairs that the TE was capable of, was eliminated with agreement to evaluate over + and -AoA separations [7]. The bias evident in this study is from a different mechanism, namely the limitation to test only those AoA pairs that lie along longitudes. Figure 2.4-1: AoA pairs lie along longitudes of the UE spherical reference coordinate system with the agreed TE.
Red dots are grid point locations where the regional probability is calculated. 
For each grid point location, the companion AoA associated with the other TRP is along the direction indicated by the blue segments. 

Observation 10: Sensitivity to UE module orientation relative to the UE reference coordinate system suggests that the agreed TE constraints retain sources of bias despite previous agreements [7].
Bias is a serious problem that needs to be addressed in the requirement specification process. This bias problem can be resolved by including AoA pairs that are not limited to the same longitude as is the case for the agreed TE [7]. 
One possibility is to average 2TRP performance data in the TE across multiple different orientations of the UE in the positioner. This method has been adopted successfully in the past for single TRP scenarios, but this method may not be suitable for 2TRP scenarios (where 2 directions are involved at one time). There are multiple serious problems that prevent this approach from being on sound footing in the 2TRP context:
1. The primary problem is inability to include at each grid point,  ‘AoA pairs that are not limited to the same longitude’. The legacy positioner does not retain the same grid for all orientation possibilities.
2. A further problem is that even if the UE faces are pointing as desired, the actual module coverage directions may not be well centered around the respective face normals. Such UEs would face additional challenges with a procedure that introduces bias. At a minimum it would complicate the requirement derivation process.
A better and more precise approach would be to diversify the collection of AoA pairs used to calculate regional probability at each grid point. This can be achieved by modify the agreed TE concept to use a 3-axis positioner rather than the legacy 2-axis positioner. Figure 2.4-2 shows the intended effect of the added degree of freedom from the UE’s perspective. Recall that the legacy 2-axis positioner in combination with a complementary sweep or +/-AoAsep scan is only able to pair each grid point to AoAs along the blue arrows, respectively. The 3-axis positioner is intended to allow each grid point to be additionally paired with AoAs along the green arrows. Blue arrows – directions of paired AoAs with 2-axis positioner and complementary scan.
Green arrows – necessary additional directions of paired AoAs to reduce bias.
Figure 2.4-2: Scheme to combat bias introduced by AoA pairs limited to lie along longitudes of agreed grid.
v
The intent is to sample the outcomes in spatially uniform directions to reduce bias.
The orange circle represents the set of all AoAs that are separated from the evaluation grid location by some fixed AoA separation.

Referring to the mathematical formulation of overall probability, for the 3-axis positioner, the regional probability at each grid point can be determined from outcomes of a configurable number of AoA pairs that are spatially well distributed (6 shown) rather than just the two pairs that lie along the longitude associated with the grid point. Observation 2 remains applicable, so the overall probability can be calculated from the regional probabilities over the sphere. Observation 2 also highlights the dissociation of the grid points where the regional probabilities are calculated from the locations of the paired AoAs for each grid point. Since multiple runs are no longer required to generate multiple AoA pairs at each point,  the 2TRP scan can be simplified for the 3-axis positioner by dropping the requirement for enhancements such as the complementary pair sweep or combining data from +AoAsep and -AoAsep scans. We discuss the implementation aspects of this type of enhanced positioner in a companion contribution [8].
Figures 2.4-3 shows the impact on calculated overall probability to support 2TRP DL of using a 3-axis positioner as described above to reduce bias for the example UE used in section 2.3.3. The performance projections use a 5-degree step size and 6 AoA pairs per grid point (i.e. 6 stops for the roll motor at each grid point). Also assumed is a scan strategy that ensures neither source is blocked (treated in our companion contribution [8]). It is evident that the projected performance trends are largely robust to UE orientation in the 3-axis positioner. Note however that due to non-zero size of any positioning mechanism, some declaration must be instituted so the UE is not oriented in way that it is partially blocked by the mechanism. Fortunately, this ‘UE alignment option’ is already established and recorded in TR38.810, Annex C, and can be retained for this feature.
Figure 2.4-3: Bias removal using a 3-axis positioner.
Reproduced from Figure 2.3.3.2-1: Bias from using a legacy 2-axis positioner.
Positioner upgrade

As an alternative to the 3-axis positioner, the UE could be evaluated by the legacy 2-axis positioner for a declared alignment option from those recorded in TR38.810, Annex C. If the requirement is also derived using the exact same assumption, this arrangement could be considered as a compromise that favors TE simplicity. The main difference between using alignment options in this scheme compared to the previous method is scope. In the previous method it is used merely to ensure the holder does not block a coverage area. In this method, the requirement itself is derived for that alignment option and not valid for any other. This declaration method suffers from having a carefully curated test condition which can be difficult to explain either as precedent to future work or to any reader not involved with the requirement setting process for this feature.
Proposal 5: RAN4 to discuss the following options to address bias due to AoA pairs that only lie along longitudes (agreed TE constraint [7 – WF R4-2303708]):
1. The UE requirement specification as well as the compliance verification condition are based on and limited to the UE’s declared alignment options per TR38.810, Annex C.
2. The TE positioner is upgraded to have 3 degrees of freedom, so AoA pairs are equally arranged around the grid point being measured. FFS positioner feasibility.

We had previously suggested option 1 might work, but after deriving the mathematical basis, as well as observing the impact of bias, we do not think it is should be a choice for RAN4 if a reasonable alternative exists. Unfortunately, the discussion on how to the specific choice of how to calculate regional probability (or combining method), and ‘how many static AoA separations to define the requirement’ must wait for resolution of the topic above. 

Conclusions
Unless otherwise noted, contents apply to UEs that support either mDCI or sDCI schemes.
Observation 1: Unlike in the legacy case where the coverage fraction is the probability that a randomly selected direction is ‘in coverage’, in this feature, 2AoAs must be selected. i.e. there is no single point to classify as in- or out-of-coverage. 
Proposal 1: The UE RF requirement metric for the 2TRP DL feature is a probability to support the feature. This is aligned with legacy practice where ‘coverage fraction’ is the probability that a randomly selected direction is ‘in coverage’. 
Observation 2: The probability of a UE to support 2TRP Rx is a spatial average of regional probabilities. Regional probability is the probability of a UE to support 2TRP Rx, given a fixed location of one of the TRPs. 
Observation 3: In the formulation for overall probability of supporting 2TRP DL, the TE constraint [3] implies that that the regional probability calculated at each grid point must be modified to depend on a reduced set of test AoA pairs. 
Proposal 2: Choose option 1 [1.2.14, 7] on beam selection as baseline for simulation: UE selects beam for each module so RSRP of RS from assigned TRP is maximized.
Proposal 3: Choose option 1 [1.2.14, 7] on module selection per TRP for PC3 as baseline for simulation: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP.
Proposal 4: Choose option 1 [1.2.14, 7] on module splitting as baseline for simulation: no module splitting behavior is assumed for PC3.
Observation 4: The overall probability of a UE with modules on opposite faces to support 2TRP DL is insensitive to beam-scanning orientation (H-scanning or V-scanning), under agreed TE constraints. 
Observation 5: The same UE generates different overall probabilities based on module coverage patterns relative to the UE reference coordinate system with the agreed TE constraints.
Observation 6: Both, the OR combining method and the arithmetic mean method seems suitable for calculating the overall probability to support 2TRP DL, at least for a UE with modules on opposite faces.
Observation 7: The overall probability of a UE with modules on adjacent faces to support 2TRP DL is insensitive to beam-scanning orientation (H-scanning or V-scanning), under agreed TE constraints. 
Observation 8: Different overall probabilities (to support 2TRP operation under the TE constraints) are calculated for the same UE depending on orientation in positioner.
Observation 9: Both, the OR combining method and the arithmetic mean method seems suitable for calculating the overall probability to support 2TRP DL, at least for a UE with modules on adjacent faces.
Observation 10: Sensitivity to UE module orientation relative to the UE reference coordinate system suggests that the agreed TE constraints retain sources of bias despite previous agreements [7].
Proposal 5: RAN4 to discuss the following options to address bias due to AoA pairs that only lie along longitudes (agreed TE constraint [7 – WF R4-2303708]):
1. The UE requirement specification as well as the compliance verification condition are based on and limited to the UE’s declared alignment options per TR38.810, Annex C.
2. The TE positioner is upgraded to have 3 degrees of freedom, so AoA pairs are equally arranged around the grid point being measured. FFS positioner feasibility.
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Annex A: Further discussion on overall probability 
In section 2.1.2, the expression for the overall probability to support 2TRP operation with randomly selected AoA was derived as:


This type of metric is a good descriptor of the UE in the real world, but as a tool for specifying requirements some problems may exist:
· The best-case metric value is too small: In the RAN4 context it is possible to estimate an upper bound for the overall probability of an idealized PC3 device for the general case. An idealized PC3 UE for this feature would have an infinite number of infinitely thin beams (no inter-TRP interference), and a dedicated set of modules for each TRP (no module contention). For any direction inside the legacy coverage region, the UE would be able to support 2 TRP operation for any direction of the second TRP if the latter is in-coverage too. The regional probability would therefore be 0.5 for all directions inside the legacy coverage region, and 0 outside. The overall probability is the spatial average of the regional probability, which in this case would be 0.5 for 50% of the sphere. The upper limit for the general case for PC3 is therefore 0.5*0.5 = 0.25. In general, the ideal upper limit is F2, where F is the legacy spherical coverage fraction or probability to support single direction DL. Consider PC1 and PC5 where F is 0.15, the overall probability for the general case would be 0.15*0.15 = 0.0225, or about 2.3 %
· The metric upper-limit reduces further for non-ideal UEs: If the hypothetical PC3 UE is made less impractical by dropping its duplicate set of modules, more realistic upper limits can be estimated. For example, if it has 2 modules with non-overlapping coverage and does not implement module splitting, the regional probability will reduce to 0.25 for all directions in the coverage region (because each module nominally covers 25% of the sphere). The overall probability would then fall to 0.5*0.25 = 0.125 for a PC3 UE. A more realistic upper limit for the probability is F2/(number of modules).
· RAN4 calibration distorts this metric: Consider a non-ideal UE with module coverages overlap. To meet legacy requirements despite overlap, each module’s coverage must exceed the nominal 25% of the sphere by an amount proportional to the overlap. This necessity will manifest as an advantage in the 2TRP case, where the regional probability will also exceed 25% by some amount. The ‘advantage’ however is due to the artificial RAN4 calibration condition of similar legacy EIS coverage whether module coverages overlap or not. 

In summary, care must be exercised in using the metric for the general case, especially under the agreed calibration condition for RAN4 ([7], 1.2.13). It remains a very good metric to score real-world UEs however.


Annex B: Some problematic choices for the ‘regional probability’ definition 
In this section, we discuss some methods to quantify the constrained regional probability that may look attractive but are not well supported by mathematical formulation. 
One such method is to calculate the constrained regional probability for each point from weights derived from those associated with full sphere sampling using the lat-long grid (assuming agreed TE constraints [7]).

The error lies in the choice of weights, because here the sample space comprises only 2 TRP2 pairings per TRP1 point rather than Ngrid pairings assumption associated with the weights shown above. This weighting method can therefore mislead. For example, it tends to accentuate coverage close to the equator over equivalent coverage near the poles. 
Another method in the category is AND combining, which takes the form:

It is immediately evident that this formulation cannot be derived as a special case of the general formulation. We therefore think this method is not appropriate for use.
Yet another method is some kind of ‘filtered AND’, where the AND operation is only applied over some fraction of directions derived from another test, for example over directions that meet the legacy spherical coverage. This kind of method is a refinement built on top of the AND combining, and is complicated further by its dependence on other requirements, and therefore also not preferred.
Fortunately, alternatives that have a clear link to the regional probability in the general case exist, and the study in this contribution focusses on those methods.



Annex C: UE beam patterns
PC3 UE with 2 identical dual pol modules on opposite faces 
The figures below capture the coverage patterns and beam scanning directions referenced to the UE reference coordinate system (see section 2.3.1). 
	
	Horizontal Beam Sweeping
	Vertical Beam Sweeping

	Left+Right
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PC3 UE with 2 identical dual pol modules on adjacent faces 
The figures below capture the coverage patterns and beam scanning directions referenced to the UE reference coordinate system (see section 2.3.1). The module orientations are broken into two subgroups. The first is captured in table 7.2-1 and is characterized by at least one module aligned with the pole of the reference system. The second is captured in table 7.2-2 and is characterized by modules that cover only equatorial regions (i.e. no front or back modules).
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	Vertical Beam Sweeping
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Table 7.2-1: Module coverages for a UE with modules on adjacent faces and one module pointed at the pole of the UE reference coordinate system.

	
	Horizontal Beam Sweeping
	Vertical Beam Sweeping
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Table 7.2-2: Module coverages for a UE with modules on adjacent faces and both modules pointed at the equatorial region of the UE reference coordinate system.


Choose some spherical grid


At each grid point (,) calculate the probability of supporting 2TRP DL for a second AoA
(Regional Probability)


Calculate spatial average of regional probabilities

(Overall Probability to support 2TRP DL)



Choose some spherical grid


At each grid point (,) calculate the regional probability based on some select AoA pairs associated with that grid point 
(Constrined regional Probability)


Calculate spatial average of constrained regional probabilities
(Constrained Overall Probability to support 2TRP DL)
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TRP1 locations relative to TRP2 (after complementary sweeps)
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TRP1 locations relative to TRP2 (after complementary sweeps)
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