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Introduction
Previous agreements [3] established that a ‘starting point’ would be a UE RF requirement based on a test system that can support multiple fixed relative AoA locations during test.

In this contribution, we use the preliminary definition above to identify a spherical scan strategy for the 2TRP case. We also evaluate possible requirement formats to further narrow down the latter. 
Discussion
AoA separation for the UE RF requirement
In a previous contribution [2], we argued that it is reasonable to expect that the UE’s performance would be optimized for some specific deployment scenario. This translates to optimization for some relative AoA separation for this feature. It would not be practical for a UE to be equally good for all AoA separations. To preserve design flexibility and differentiation, this optimal AoA separation angle cannot be standardized. While the available AoA separations from the test systems are still under discussion, there is also the practical consideration of test time. Even if the UE RF requirement takes shape based on simpler and faster go/no-go sensitivity checks, the test time reduction is beneficial. These arguments can cumulatively be reflected as:Fig 2.2-1: Typical deployment condition
Relative AoA separation 

Proposal 1: The UE is allowed to meet the requirement for its (singular) choice of preferred fixed AoA separation. AoA separation choices available to the UE would be agreed separately.
Note that the UE would retain the legacy freedom of orientation in the positioner for compliance verification. 
We have shared some preliminary simulation results in the annex that confirm that each UE architecture has a ‘sweet-spot’ AoA separation where 2TRP coverage is maximized.
Spherical coverage for AoA pairs
Background
A common element to any spherical coverage-based requirement is how the data is collected and post-processed. In the legacy case, the sole source traverses the test sphere around the UE. The UE’s spatial performance data thus collected can then be post-processed in a straight-forward manner. Unlike the legacy case, there are two sources that are simultaneously being moved (from the UE’s perspective) and there are test system constraints to accommodate. These complications mean it is not automatic to assume that both sources (TRPs) will traverse the test sphere like the source in the legacy case. 
We first need a common understanding on how the spatial data is collected for the 2TRP Rx feature and combined before UE performance projections can be compared. The data collection part is determined largely by the spherical scan strategy. Data may need to be de-biased if the sampling density is not uniform (for example in a constant step-size or lat-long ‘LL’ grid). Debiasing is already well understood for a LL grid due to its use in legacy requirements, and therefore desirable. The data combination aspect also depends on whether the data for both TRPs fall on the same grid from the UE’s perspective, and if the statistics of all grid points (non-pole) are identical. The shared LL grid across 2 TRPs is also a desirable characteristic for simplicity because it enables extension of legacy techniques to this feature. 
Observation 1: A scan strategy wish list includes the following attributes:
1. Both TRPs share the same grid from the UE’s perspective so both TRPs would have identical post processing.
2. The shared UE-perspective grid is a constant step-size grid so it could leverage legacy techniques.
3. [bookmark: _Hlk127035352]Both TRPs would feature identical repetition statistics across the grid to simplify construction of an unbiased statistical description of the parameters measured on the grid.
Normally this would be a test method discussion rather than a requirements discussion. For this feature however, since the TE has certain constraints, it is necessary to mimic the same in the requirements derivation process. Towards this end, we think it is necessary to invest some effort in establishing a suitable scan method prior to the requirements derivation process.
Proposal 2: RAN4 to establish the 2TRP scan method prior to the requirements derivation process.
Spherical scan aspects
Consider a TE system that uses a turn-table mounted roll-motor to position the UE [4]. For such a system it was shown that if a second source is introduced in the ‘horizontal plane’ or more precisely, in the plane containing the legacy source and perpendicular to the turn-table axis, the AoAs adopted by the second source from the UE’s perspective coincides with the grid of AoAs adopted by the legacy source. This observation applies for a LL (constant step size) grid and when the AoA separation is an integer multiple of the turn-table angular step. This characteristic can be generalized to other types of 2D UE positioners.

Turn-table axis
Legacy source location
Second source candidate locations
Figure 2.2.3-1: Example 2D UE positioner and source locations for both TRPs to fall on the same grid from the UE’s perspective [10]
Roll axis
DL Directions perceived by DUT from Probe P60 (‘second TRP’)

A test method proposal that is relevant for the UE RF requirements discussion is:
Proposal made in [5]: Additional sources in the TE shall be located so both TRPs manifest on the same AoA grid from the UE’s perspective when using constant step-size scan.
For further discussion we assume that the TE system is constructed in a way to enable a common grid for both TRPs, since it is feasible.
How many AoA pairs for each test point?
For the 2TRP case, ideally, each AoA of each TRP is evaluated when the other TRP traverses the entire sphere. The first limitation takes effect when the test system is constrained to test only for a fixed AoA separation. In that case, for each AoA of TRP1, the number of test combinations gets limited to a circle of TRP2 AoA possibilities (the radius of the circle on the sphere subtends the desired AoA separation angle at the UE). If the test system were now further constrained to use the legacy 2D UE positioner and fixed source locations, the set of possible paired TRP locations reduces to 2 points. These two points 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. This is shown graphically in figure 2.2.3-1 
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)

Practical implementation of TE with fixed AoA separation: Each AoA of one TRP is paired with 2 possible AoAs for the second TRP (green stars)
Figure 2.2.3-1: Progressive test limitations due to practical considerations
Fixed AoA separation case: Each TRP is presented to the UE at any random location (star). The UE is evaluated when second TRP is some fixed AoA separation from the first TRP (orange arc)

A corollary is that given the agreed test system constraints,  a complete test implies every AoA for each TRP is paired with 2 AoAs associated with the other TRP. 
Observation 2: The test system agreed as a starting point [WF R4-2220533] for the UE RF requirement can test each AoA with two symmetric, paired AoAs for any given AoA separation.
These paired AoAs of the second TRP are in opposite directions relative to the AoA of the first TRP. In later subsections we show that omitting some of these test AoA pairs, i.e. retaining only one AoA pair per test point introduces bias into the data.
Does the scan have to ensure both TRPs cover the entire sphere?
In the legacy spherical coverage requirement, the UE’s performance is collected when the TRP traverses the whole sphere. This set of data is used to construct the spatial statistics of the UE to determine compliance. For 2TRP operation, it is self-evident that if one TRP cannot traverse the whole sphere, then a complete spherical data is not available for support of that TRP. The legacy principle can therefore be generalized as: each TRP must traverse the whole sphere before the 2AoA operation data set can be considered complete. 
Proposal 3: The 2TRP data set is only complete when each TRP traverses the entire surface of the test sphere.
In [2] we showed that any legacy scan method (i.e. any scan that allows the legacy source location to traverse the entire sphere) can be used to construct a complete data set for 2TRP operation, by using the complementary scan technique. This general method can be refined further to incorporate desirable features like those captured in obs. 1-3, and whose feasibility was discussed in subsection 2.2.2. 
A basic 2TRP scan method
The companion file to this document contains a 2TRP grid, comprising a list of TRP1 and TRP2 paired locations from the UE’s perspective. Also included is a list of weights to be applied to the data from each grid point for accruing its contribution to the UE’s spherical coverage. Note that the weights can be applied only when any duplicate instances of each point are removed after using a suitable method to combine the data across the duplicate points. 
Some useful characteristics of the 2TRP scan are listed below (verification by reader is encouraged):
1. Implementable by a practical positioner in a TE with 2 sources (see section 2.2.2 and [5])
2. Comparable to a legacy whole-sphere scan (slightly fewer points than legacy)
3. From the UE’s perspective, both TRPs manifest on the same constant step size grid 
4. Each grid point is traversed exactly once for each TRP (except the repetition at the poles)
5. Both TRPs cover the entire test sphere in one scan
6. The TRPs are separated by some static AoA separation
The attributes above satisfy the ‘nice to have’ objectives in observation 1 among other benefits. The 2TRP scan grid point list therefore forms a good basis to evaluate the UE’s performance for requirement setting, as well as for the test method. The provided 2TRP grid assumes a 5⁰ step size to reduce the uncertainty during the requirements derivation process, but only a subset may be needed for compliance verification (for example, only points with 15⁰ step size). Further details on TE implementation are included in a companion contribution on test method [5]. 
Some pit falls of a spherical scan 
The 2TRP scan identified above can move both TRPs simultaneously across the surface of the test sphere without any coverage holes. This would suggest that a complementary-pair scan is not necessary. Recall the complementary-pair scan was proposed [2] to allow any legacy scan to be used for 2TRP scan, even if that scan did not cover the whole sphere with the second source. 
It can be verified that the provided list of AoAs for any one TRP only pair with one other AoA associated with the other TRP. Unfortunately, the 2TRP scan above does not exercise the UE with all AoA pairs the TE can produce (see obs. 4). This omission introduces a bias into the post-processed data. To illustrate, we consider a UE that does not treat either TRP preferentially over the other and has dual-pol capable modules in adjacent faces. The post processed data (CCDF of sensitivity, relative to REFSENS)  collected from the 2TRP scan shows bias for the following conditions:
1. A pair of UEs that have mirror image coverage patterns can show different statistics for the coverage of the two TRPs. See left sub-figure in figure 2.2.4-1. (Mirror image UEs: UE with modules in the top + left faces versus a UE with modules in the top + right faces) 
2. A given UE can register different statistics for a TRP depending on whether the second TRP is introduced at a positive or negative AoA separation See right sub-figure in figure 2.2.4-1.
Figure 2.2.4-1: Impact of not exercising the UE over all possible AoA pairs

Observation 3: The scan strategy introduces artefacts into the measured data if it does not include a symmetric set of AoA pairs (example: each AoA of each TRP is paired with 2 other symmetrically located AoAs associated with the other TRP)

To dig deeper into why a UE with symmetric behavior for both TRPs should exhibit different post-processed data associated with each TRP, it is useful to study the grid quality in further detail. Figure 2.2.4-2 graphically shows the TRP coverage patterns with the 2TRP scan identified in the previous section. The grids covered by both TRPs are identical, but each location for each TRP only shows one paired AoA. 
Blue dots are grid point locations of a TRP during the scan, from the UE’s perspective. TRP1 to the left, TRP2 to the right
For each grid point location of one TRP, the companion AoA associated with the other TRP is along the direction indicated by the red segments. 
Obs. 2: The paired AoAs point in opposite directions for the same region of the test sphere for the 2 TRPs
Obs. 1: For each TRP, each AoA has only one paired AoA associated with the other TRP (just one red segment is attached to each grid point)

Figure 2.2.4-2:
Missing AoA pairs in the 2TRP scan 

As evident from the observations in the figure, there are missing AoA test pairs (only one red segment attached to each grid point). Fortunately, for this scan, the omission of test AoA pairs is complementary across the two TRPs. In other words, if the locations of TRP1 and TRP2 are interchanged and the scan repeated (i.e complementary scan), the missing AoA pairs get tested and none of the previously tested AoA pairs gets re-tested. The combined data set from both scans has neither omitted AoA pairs, nor repeated pairs. The grid statistics as well as the impact of performing this complementary scan on the UE described earlier is shown in figure 2.2.4-3. Applying this improved scan to our example UE completes the 2 TRP data set. The data set shows ‘improved’ statistics, but these are based merely on added AoA test directions from the complementary scan, rather than a genuine improvement at the UE.
Figure 2.2.4-3: Complementary pair version of 2TRP scan
Obs. 1: After complementary pair scan, for each TRP, each AoA has two paired AoAs associated with the other TRP (note 2 red segments attached to each grid point)
Grid and pair AoA patterns look identical for both TRPs for the complementary pair version of the 2TRP scan
TRP sensitivity statistics prior to complementary pair scan
TRP sensitivity statistics after complementary pair scan shows ‘improved performance’ after addition of data missing AoA pairs


The complementary pair 2 TRP scan therefore represents a good baseline for evaluation of the UE’s 2TRP performance.

Observation 4: A complementary pair 2TRP scan ensures that:
1. Implementable by a practical positioner in a TE with 2 sources 
2. Comparable to a legacy whole-sphere scan repeated twice
3. From the UE’s perspective, both TRPs manifest on the same constant step size grid 
4. Each non-pole grid point is traversed exactly twice for each TRP (once for each of two paired AoAs)
5. Both TRPs cover the entire test sphere exactly twice after the complementary scan
6. The TRPs are separated by some static AoA separation
7. No missing AoA pairs (under the constraint of the test system)
8. No duplicate AoA test pairs

The complementary pair scan can be constructed from the provided AoA pair list in the 2TRP scan by duplicating the list of TRP1 AoAs under TRP2, and vice-versa, as shown to the right. A similar ‘cut and paste’ operation has to be performed on the weights.

Companies are encouraged to verify the attributes listed above for the complementary pair 2 TRP scan.







A 2TRP scan proposal
We have established that a complementary pair 2 TRP scan has all the identified necessary and desirable characteristics to support measurement of 2TRP operation. The subsequent question is: are any optimizations possible? i.e. Is an explicit complementary scan the only way to fill in the missing AoA pair data? Is it not possible to perform a ‘virtual complementary scan’ by simply combining the data associated with the two TRPs? This virtual complementary scan short-cut scheme works only if the UE does not prefer one TRP over another or has no other asymmetric behavior. In case the UE has some asymmetric behavior like statically assigning coverage of one TRP to one module and the second TRP to another module, the complementary scan can contribute very different data for any one TRP compared to data combining method. This is shown graphically in figure 2.2.4-4


TRP sensitivity statistics derived from simply combining TRP1 and TRP2 data (virtual compl. scan) instead of a true complementary pair scan. Note the extreme sensitivity to sign of AoAsep 
TRP sensitivity statistics after a true complementary pair scan, note no sensitivity to sign of AoAsep. The difference between TRP1 and TRP2 is genuine for this UE, due to asymmetric behavior
Figure 2.2.4-4: Virtual versus real complementary pair 2TRP scan for a UE with asymmetric behavior in tracking the 2 TRPs

In conclusion, the data combining method (virtual complementary scan) does not work for all standards-compliant UE implementations.

Observation 5: Combining TRP1 and TRP2 data to fill in missing AoA pair data for a basic 2TRP scan is not an accurate method in the general case.

 Proposal 4: RAN4 to considering use a complementary pair version of the 2TRP scan included in R4-230xxxx to evaluate UE performance. The list is provided as a companion to the tdoc.

Other scans may be possible, but the AoA statistics of each TRP, debiasing strategy and suitability to implement have must be evaluated in the same manner as the proposed 2TRP complementary pair scan.
UE requirement down-selection proposal
Assumptions for preliminary UE performance projections
Previous agreements [3] highlighted some options for the UE RF spherical coverage requirement. Of those, we think the following two options are a good basis for further development:
· Option 1: Requirement is based on 2AoA directional sensitivity statistics. 
· Option 3: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%.
Option 4 from the WF represents a ‘no requirements’ proposal and as such is not consistent with the WI objectives. Option 2 from the WF may be viewed as a subset of option 1 depending on how the details are defined. To further evaluate both options listed above, we simulated multiple UE architectures. Each architecture was adjusted so the legacy sensitivity CCDFs are similar, and barely meet the legacy requirement (~11 dB gain drop from REFSENS at the 50th %ile point for PC3 low bands). 
For the simulations, we assumed that the UE supports mDCI, due to interest from carriers for this scheme. The implication is that while receiving from one TRP, the DL from the other TRP is always an interferer. Furthermore, worst case polarization interference is assumed: Power of signal from desired TRP is compared to receiver noise power and interferer power from other TRP. The complementary 2TRP scan from proposal 4 with 5⁰ step-size was adopted as the method to collect the spatial data, based on completeness of the resulting data set.
Table 2.3.1-1 summarize some high-level details of the analysis associated with the two methods.
	Detail
	WF [3] option 1, sensitivity-based requirement
	WF [3] option 3, go/nogo test based on fixed DL power

	Parameter recorded for every tested AoA pair
	2TRP sensitivity with both links running at SINR of -1 dB. See [2] for more details.
	Whether the DL signals from each TRP operation can be received with >= -1 dB SINR 

	Criterion for ‘in 2TRP coverage’
	Both sensitivity values are better (lower in value) than the EIS spherical coverage criterion
	2TRP operation is supported when DL power from each TRP = the EIS spherical coverage criterion

	Treatment of AoA pairs for which 2TRP operation is not supported, i.e. ‘out of 2TRP coverage’
	Moved to low %ile region of CCDF by adding large de-sense to measured sensitivities
	Naturally discarded during construction of spherical coverage fraction

	Combining technique for multiple data points at some grid point
	Harmonic mean of mW sensitivities
	OR combining of positive outcomes

	Data organization
	Per TRP, after removing unsupported AoA pairs from best directions
	Per TRP

	De-weighting technique for non-uniform grid
	Legacy (for constant step size grid)
	Legacy (for constant step size grid)

	Post-processed data 
	CCDF, fraction of sphere covered by each TRP in 2TRP operation
	fraction of sphere covered by each TRP in 2TRP operation



Table 2.3.1-1: High level analysis details for requirement evaluation
For both methods, we also investigated the impact of a relaxation ∆R as an increase in the DL power criterion to be considered in-coverage. 
For WF option 1, to avoid the complexities of having to analyze 2TRP paired data taken on a non-uniform grid, we first discarded data from AoA pairs that are out of coverage, and then analyzed the coverage statistics of each TRP separately. This data organization allows use of legacy de-weighting techniques (example: sine weighting) to each data set. This process would get considerably more complicated if data is retained in a per-AoA pair format. Also unique to option 1, the process of earmarking the data from an out-of-coverage AoA pair by assigning a large de-sense value to both TRPs causes ‘flattening of the CCDF’ for directions outside the 2TRP coverage region. The percentile rank where the curve flattens out is therefore an automatic indicator of the fraction of the sphere that can support a particular TRP as a part of 2TRP operation (see CCDFs in the annex). 
 For WF option 3, it is possible to compose a spatial average of the binary outcomes for each TRP to determine fraction of the sphere that can support a particular TRP as a part of 2TRP operation.
The preliminary simulation results are included in the Annex. The conclusions are listed below.
Conclusions from preliminary analysis across multiple UE architectures
The data in the Annex clearly show that each UE implementation has a ‘sweet spot’ AoA separation. This parameter depends on many aspects and ultimately comes down to UE implementation choices.
Observation 6: There seems to be an optimal ‘AoA separation’ for each UE implementation where 2TRP coverage is maximized.
The observation above supports our proposal 1.
The data in the annex shows that while the sensitivity CCDFs can change significantly across UE architectures, there is good correlation between using the CCDF and the P/F test to determine the fraction of sphere that can support 2TRP DL reception. 
Observation 7: Both, the sensitivity-based method and the go/nogo predict similar 2TRP DL coverage for UEs that have good spatial selectivity in their beams.
We use this correlation to conclude that the two methods extract fundamentally similar performance metrics from the UE, and it is sufficient to select the more economical method.
Proposal 5: RAN4 to down-select option 3 of [3] as the UE RF requirement concept: ‘the UE can achieve EIS performance not worse than Y dBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%.’
A relaxation value ‘∆R’(analogous to ∆RIB used for inter-band CA) was evaluated to investigate if it can help a UE achieve the nominal spherical coverage fraction of its power-class. Our analysis shows that across 4 different UE implementations that all just meet the legacy requirements, there is poor alignment in the required value of ∆R.

Observation 8: The concept of ∆R is not suitable for this feature, because different UE architectures require different values of relaxation to achieve the nominal power-class spherical coverage fraction.

As an alternative to using ∆R to achieve the nominal power-class spherical coverage fraction, it would be better to investigate if the target coverage fraction can be reduced by some amount. Two examples of this type of requirement are captured in the table below:

	Power Class of UE
	Nominal spherical coverage fraction
	Example#1 of  the 2TRP coverage fraction requirement
	Example#2 of the 2TRP coverage fraction requirement

	PC3
	0.50
	0.50 * ½ = 0.25
	0.50 * 3/5 = 0.30

	PC1/5
	0.15
	0.15 * ½ = 0.075
	0.15 * 3/5 = 0.09

	
	
	
	



Either example would work for mDCI UEs, based on our performance projections of studies implementations and flexibility to choose the optimal AoA separation for compliance.

Proposal 6: RAN4 to consider defining a power-class specific ‘relaxation fraction’ so the target spherical coverage fraction ‘M’ in 2TRP DL operation is (relaxation fraction)*(nominal spherical coverage fraction). This new parameter would be used in place of a ∆R relaxation to the DL power criterion for determining whether in or out of coverage.
DL polarizations for the UE RF requirement
From previous arguments about reflecting field conditions in the requirement side conditions, the logical stand would be that the requirement should apply for any test polarization combination. There are 4 possible DL polarization combinations, (TRP1q, TRP2q), (TRP1f, TRP2q), (TRP1q, TRP2f) or (TRP1f, TRP2f).  If the requirements are derived based on the worst-case polarization match, the choice of verification with 1, or some average of 2 or 4 polarization combinations can be left to RAN5. 
Proposal 7: The UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs. Consequently, the requirement applies for any combination of DL polarizations from each TRP, i.e for any of (TRP1q, TRP2q), (TRP1f, TRP2q), (TRP1q, TRP2f) or (TRP1f, TRP2f). RAN5 to choose which combination(s) to test for compliance verification.
For mDCI, ‘worst case polarization match’ means ignoring any benefit the UE can extract when the DL signals are perceived to have different polarizations. This is indeed the case for the data shared in section 2.3.


Conclusions
Proposal 1: The UE is allowed to meet the requirement for its (singular) choice of preferred fixed AoA separation. AoA separation choices available to the UE would be agreed separately.
Observation 1: A scan strategy wish list includes the following attributes:
1. Both TRPs share the same grid from the UE’s perspective so both TRPs would have identical post processing.
2. The shared UE-perspective grid is a constant step-size grid so it could leverage legacy techniques.
3. Both TRPs would feature identical repetition statistics across the grid to simplify construction of an unbiased statistical description of the parameters measured on the grid.
Proposal 2: RAN4 to establish the 2TRP scan method prior to the requirements derivation process.
Observation 2: The test system agreed as a starting point [WF R4-2220533] for the UE RF requirement can test each AoA with two symmetric, paired AoAs for any given AoA separation.
Proposal 3: The 2TRP data set is only complete when each TRP traverses the entire surface of the test sphere.
Observation 3: The scan strategy introduces artefacts into the measured data if it does not include a symmetric set of AoA pairs (example: each AoA of each TRP is paired with 2 other symmetrically located AoAs associated with the other TRP)

Observation 4: A complementary pair 2TRP scan ensures that:
1. Implementable by a practical positioner in a TE with 2 sources 
2. Comparable to a legacy whole-sphere scan repeated twice
3. From the UE’s perspective, both TRPs manifest on the same constant step size grid 
4. Each non-pole grid point is traversed exactly twice for each TRP (once for each of two paired AoAs)
5. Both TRPs cover the entire test sphere exactly twice after the complementary scan
6. The TRPs are separated by some static AoA separation
7. No missing AoA pairs (under the constraint of the test system)
8. No duplicate AoA test pairs

Observation 5: Combining TRP1 and TRP2 data to fill in missing AoA pair data for a basic 2TRP scan is not an accurate method in the general case.

 Proposal 4: RAN4 to considering use a complementary pair version of the 2TRP scan included in R4-230xxxx to evaluate UE performance. The list is provided as a companion to the tdoc.
Observation 6: There seems to be an optimal ‘AoA separation’ for each UE implementation where 2TRP coverage is maximized.
Observation 7: Both options for requirements predict similar 2TRP DL coverage for UEs that have good spatial selectivity in their beams.
Proposal 5: RAN4 to down-select option 3 of [3] as the UE RF requirement concept: ‘the UE can achieve EIS performance not worse than Y dBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%.’
Observation 8: The concept of ∆R is not suitable for this feature, because different UE architectures require different values of relaxation to achieve the nominal power-class spherical coverage fraction.

Proposal 6: RAN4 to consider defining a power-class specific ‘relaxation fraction’ so the target spherical coverage fraction ‘M’ in 2TRP DL operation is (relaxation fraction)*(nominal spherical coverage fraction). This new parameter would be used in place of a ∆R relaxation to the DL power criterion for determining whether in or out of coverage.
 
Proposal 7: The UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs. Consequently, the requirement applies for any combination of DL polarizations from each TRP, i.e for any of (TRP1q, TRP2q), (TRP1f, TRP2q), (TRP1q, TRP2f) or (TRP1f, TRP2f). RAN5 to choose which combination(s) to test for compliance verification.
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Annex : UE performance projections (see section 2.3)
PC3 UE with 2 identical dual pol modules on opposite faces 
Figure 5.1-1 captures the sensitivity statistics of the UE for various AoA separations. Note the black curves which represent legacy single band performance. 

Table 5.1-2 shows the fraction ‘M’ using the pass/fail (P/F) criterion of option 3 in the WF. Also included in the right-most column is the percentile point where the 2TRP sensitivity CCDF flattens out, signalling end of 2 TRP coverage. The fraction of directions that support 2TRP operation is derived <1 – percentile rank (where CCDF flattens out)>. There is good correlation between the coverages predicted by the two methods.
	AoA separation (deg)
	Coverage fraction ‘M’ for option 3
	Coverage fraction from sensitivity CCDF

	150
	49.4 %
	49.4 %

	120
	49.4 %
	49.2 %

	90
	35.2 %
	35.6 %

	60
	2.5 %
	2.5 %



It is self-evident that this architecture of UE needs no relaxation ‘R’ to meet ~50% coverage. This type of UE is well behaved for multiple AoA separations because the spherical coverage areas of each module are mutually exclusive and there is low potential of inter-TRP interference.  Another interesting detail is that while this UE is expected to prefer 180⁰ AoA separation, it seems to retain the desired 50% coverage even down to 120⁰ AoA separation.

Observation: 180⁰ AoA separation is not critical even for a UE with modules on opposite faces

PC3 UE with 2 identical dual pol modules on adjacent faces 
Figure 5.2-1 captures the sensitivity statistics of the UE for various AoA separations. 
Figure 2.3.3-1: 2TRP sensitivity statistics of a UE with 2 dual pol modules on adjacent faces

Table 5.2-2 shows the fraction ‘M’ using the pass/fail (P/F) criterion of option 3 in the WF and the coverage fraction as derived from the sensitivity CCDF curves. There is good correlation between the two methods in predicting coverage fraction.
	AoA separation (deg)
	Coverage fraction ‘M’ for option 3
	Coverage fraction from sensitivity CCDF

	150
	25.2 %
	25.3 %

	120
	35.6 %
	36.0 %

	90
	33.7 %
	34.0 %

	60
	25.5 %
	27.3 %



This architecture of UE cannot muster M = 50% for any of the tested AoA separations. In further analysis it was determined that the UE needs 5 dB relaxation ‘∆R’ to meet ~50% coverage with the most favorable AoA separation. 

PC3 UE with a single dual-pol module 
Figure 5.3-1 captures the sensitivity statistics of the UE for various AoA separations. It is assumed that the single module will have to be split in some way to conjure up 4 independent receivers.

Table 5.3-2 shows the fraction ‘M’ using the pass/fail (P/F) criterion of option 3 in the WF and the coverage fraction as derived from the sensitivity CCDF curves. There is poor correlation between the two methods in predicting coverage fraction. This can be attributed to the extremely poor directivity beams of each sub-module. The figure of merit proposed in [2] also indicates that this type of UE is fundamentally unsuited to 2 TRP receive using mDCI assumptions.
	AoA separation (deg)
	Coverage (P/F)
	Coverage (sensitivity)

	150
	0.0 %
	0.0 %

	120
	11.1 %
	17.3 %

	90
	26.0 %
	30.7 %

	60
	16.4 %
	27.3 %



This architecture of UE cannot muster M = 50% for any of the tested AoA separations. In further analysis it was determined that the UE is incapable of meeting ~50% coverage even with extremely large relaxations (> 10 dB). This is somewhat expected because this type of device has extremely high levels of inter-TRP interference assuming mDCI operation.


PC1 UE with a single dual-pol panel 
Figure 5.4-1 captures the sensitivity statistics of the FWA UE for various AoA separations. Note that due to the limited spherical coverage of this type of UE, only narrow AoA separations are relevant. Also included is the CCDF for a relaxation factor ∆R of 3 dB.

Table 5.4-2 shows the fraction ‘M’ using the pass/fail (P/F) criterion of option 3 in the WF and the coverage fraction as derived from the sensitivity CCDF curves. There is good correlation between the two methods in predicting coverage fraction despite being a single panel device. The fundamental reason is that the UE retains high directivity beams even when it must split its single array into two smaller arrays. High directivity beams imply low inter-TRP interference, and therefore good correlation across the methods.
	AoA separation (deg)
	Coverage (P/F)
	Coverage (sensitivity)

	90
	0.0 %
	0.0 %

	60
	5.4%
	5.4%

	30
	9.5%
	9.4%

	30 (∆R=3 dB)
	15.1%
	15.6%



This architecture of UE can achieve the coverage fraction M = 15% for at least some of the tested AoA separations with 3 dB relaxation ‘∆R’.
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TRP2 locations relative to TRP1 (after complementary sweeps)
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