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1. Introduction
In RAN#100, a new TR was agreed to be introduced to capture FR2 multi-Rx RF requirement related discussion. This contribution summarizes most system assumption and UE requirement discussion, simulation results and conclusion so far.
2. Text Proposal
[bookmark: tableOfContents]Start of text proposal:
[bookmark: scope][bookmark: _Toc129708868][bookmark: _Toc134989992]
1	Scope
The objectives for NR frequency range 2 (FR2) multi-Rx chain DL reception from RF perspective are as follows.

· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
[bookmark: references][bookmark: _Toc129708869][bookmark: _Toc134989993]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2] 	3GPP TR 38.871: “Study on NR frequency range 2 (FR2) Over-the-Air (OTA) testing enhancements”.
[3]	R4-2219852, System Parameter Assumptions for Multi AoA Rx Testing, Keysight Technologies
[4]	3GPP TS 38.306: “User Equipment (UE) radio access capabilities”.
[5] 	R4-2217731, WF on FR2 UE RF requirements for 2AoA DL Rx, vivo
[6] 	R4-2300709, On UE RF requirements for 2AoA FR2 DL MIMO, Qualcomm Incorporated
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
It is preferred that the reference to TR 21.905 be the first in the list.
[bookmark: definitions][bookmark: _Toc129708870][bookmark: _Toc134989994]3	Definitions of terms, symbols and abbreviations
This clause and its three (sub) clauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc129708871][bookmark: _Toc134989995]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc129708872][bookmark: _Toc134989996]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc129708873][bookmark: _Toc134989997]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>
AoA	Angle of Arrival
DUT	Device Under Test
MTRP	Multiple Transmission and Reception Point

[bookmark: clause4][bookmark: _Toc129708874][bookmark: _Toc134989998]4	Background
The existing Rel-15 NR FR2 minimum UE requirements are defined with an assumption that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. Furthermore, the UE performance requirements are limited for DL MIMO rank 1 and 2. In FR2, 4-layer MIMO reception requires beam reception from at least two directions. Although this is supported by the MIMO features since Rel-15, no performance requirements have yet been specified. This is important for high-rate MIMO in FR2, as well as for FR2 HST scenarios. 
During Rel-16 and Rel-17, the support of NR FR2 CA with IBM (Independent Beam Management) with simultaneous DL reception on different component carriers from the co-located and non-col-located TRPs was defined. The IBM concept implies a UE is capable of DL simultaneous reception on different UE panels/chains using separate beams on different component carriers and requires improved UE baseband and RF capabilities (multiple baseband chains and support of multiple antenna panels). 
Several enhancements to enable efficient and robust DL multi-TRP/panel operation were introduced in the Rel-16 NR eMIMO WI. For instance, DL transmission schemes with simultaneous and non-simultaneous multi-beam reception from multiple TRPs/panels were introduced. The simultaneous reception may require support of simultaneous multi-panel operation with several independent RX beams/chains at the UE side. As part of this item, a new FR2 UE capability for simultaneous multi-beam reception was introduced (simultaneousReceptionDiffTypeD-r16). However, no RF, RRM or performance requirements were defined in Rel-16 and Rel-17 for FR2 UEs with simultaneousReceptionDiffTypeD-r16 capability.
Enhanced NR FR2 UEs with multi-beam simultaneous reception and multiple RX chains can provide a meaningful performance improvement in FR2 improving both demodulation performance (4-layer DL MIMO), RRM performance and improve RF spherical coverage. This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved RF, RRM and UE demodulation performance. 
Different implementation scenarios could be considered at the UE. Single-TCI reception on different beams has been supported by the RAN1 specifications since Rel-15 via the Type I codebook, which could be achieved at the UE with either a single panel or multiple panels. Alternatively, dual TCI operation can be combined with the Rel-17 mTRP framework even if the base station is actually deployed as a single TRP. 
This WI therefore provides the requirements for both single and dual TCI assumptions to specify requirements for reception of 4-layer downlink MIMO with simultaneous reception at the UE from two different directions. 

[bookmark: _Toc129708878][bookmark: _Toc134989999]5	System assumptions
[bookmark: _Toc134990000][bookmark: _Hlk134174456]5.1	Constraint of test system
The RF requirement and its test system have a close relationship for multi-Rx UE, and RF Requirement discussions need to consider testability issue so that the defined requirement can be properly verified. 5.1.1 and 5.1.2 record the discussion in RF session and more details on test system can be found in [2].
[bookmark: _Toc134990001]5.1.1 	Source/Probe locations
In theory, the UE performance can only be fully realized when any AoA pair on the sphere is tested, but considering the test complexity and time, a test system with full degrees of freedom for 2 active AoA is not pursued in R18, and some intermediate solutions have been proposed:
Option 1:	One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
Option 2:	Multiple AoA1 + Full set AoA2. 
Option 3:	Fixed offset between the two AoAs, both probes swept simultaneously.
Both option 1 and option 2 also require a test system with full degree of freedom because the separation between 2AoA still need to be variable, so the fixed relative AoA separation is considered as baseline for test setup and requirement design as show in Figure 5.1.1-1. For option 3, there are two variants: the first one uses the legacy positioner with 2 axes (either distributed or otherwise), and the second one uses an enhanced positioner with 3 degrees of freedom (3-axis positioner)
[image: ]
Figure 5.1.1-1 Illustration for fixed relative AoA separation


[bookmark: _Toc134990002]5.1.2 	Test point distribution
In [3], the DL directions perceived by DUT is analysed. Due to the lack of full degree of freedom in the test system, when the probe is aligned with different axis, the test point distribution will also be different. Table 5.1.2-1 show the case when AoA separation is 60° as an example.
Table 5.1.2-1 DL direction perceived by the DUT from two different system configurations when the AoA separation is 60°
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
	[image: ]
	[image: ]

	Constant-step
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	Constant-density
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It is evident that no matter whether a constant-step or constant-density grid is used, when AoA1 traverse all test grid, the distribution of AoA2 will become irregular, when the probes are located in yz plane in the example test system above. Also evident is that for probe in the xz plane in the example system and a constant step-size grid, the regularity of the grid is preserved for both sources. Consequently, TE sources/probes that lie in the plane of constant phi with respect to the coordinate system defined by the positioner axes and a constant-step grid is considered as the primary configuration for test setup and requirement discussion.

[bookmark: _Toc134990003]5.2	Requirement applicability
For DL mTRP, there are two basic schemes are designed – single-DCI and multi-DCI, which are indicated by optional capabilities as show below [4]. 
Table 5.2 Capabilities for multi-Rx UE
	singleDCI-SDM-scheme-r16
Indicates whether the UE supports single DCI based spatial division multiplexing scheme.

	multiDCI-MultiTRP-r16
Indicates whether the UE supports multi-DCI based multi-TRP PDSCH/PUSCH operation and support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency.
…

	overlapPDSCHsFullyFreqTime-r16
Indicates the maximal number of PDSCH scrambling sequences per serving cell when the UE supports PDSCHs with fully overlapping Resource Elements. The UE that indicates support of this feature shall support multiDCI-MultiTRP-r16.
…

	overlapPDSCHsInTimePartiallyFreq-r16
Indicates whether the UE supports PDSCHs with partially overlapping Resource Elements. The UE that indicates support of this feature shall support overlapPDSCHsFullyFreqTime-r16.



The performance of UEs supporting single-DCI and multi-DCI may be different but considering the requirement only guarantee the minimum performance and unified requirement is friendly to verification, the RF requirement is defined based on that multi-DCI with understanding that UE supporting single-DCI can also meet the requirement. The requirement applicability can be further explained as:
· The same requirement shall be applied to the UEs supporting either of the following two capability combinations:
· UE capabilities “multiDCI-MultiTRP-r16” and “overlapPDSCHsFullyFreqTime-r16”.
· UE capabilities “multiDCI-MultiTRP-r16” and “overlapPDSCHsInTimePartiallyFreq-r16”.
· No need to discuss and define the RF requirement for the UEs only supporting “multiDCI-MultiTRP-r16”.

End Change

Next Change:
[bookmark: _Toc134990005]6	UE RF requirement
[bookmark: _Toc134990006]6.1	Requirement concept
[bookmark: _Toc134990007]6.1.1	General
The requirement concept is mainly categorized into two types in the discussion. One is based on 2AoA directional sensitivity statistics, which is similar to the legacy REFSENS and spherical coverage, e.g., “joint” sensitivity, sensitivity tolerance, new CCDF formula, etc., and the details of proposals can be found in [5]. The most critical problem with this approach is that when two AoAs need to search for sensitivity simultaneously, the test complexity rises significantly. Another is based on the functionality verification under 2AoAs with a fixed DL power level, and the merit of this approach is that it can reduce the test overhead, but the concern is that such simplification may not reasonably validate UE performance. In [6], the simulation results to compare these two approaches above are provided.
Table 6.1.1 Simulation results for PC3 UE under different requirement concept
	AoA separation (deg)
	Modules on opposite faces
	Modules on adjacent faces

	
	Coverage fraction ‘M’ for functionality verification
	Coverage fraction from sensitivity CCDF
	Coverage fraction ‘M’ for functionality verification
	Coverage fraction from sensitivity CCDF

	150
	49.4 %
	49.4 %
	25.2 %
	25.3 %

	120
	49.4 %
	49.2 %
	35.6 %
	36.0 %

	90
	35.2 %
	35.6 %
	33.7 %
	34.0 %

	60
	2.5 %
	2.5 %
	25.5 %
	27.3 %



The results show that there is good correlation between the coverages predicted by the two methods. To alleviate the test overhead for multi-Rx UE, the functionality verification with fixed DL power is agreed as requirement concept.
[bookmark: _Toc134990008]6.1.2	Understanding of “panel”
The terminology “panel” appears often in FR2 RF discussion but there is never a clear interpretation, and the reason is that this term is closely related to the UE implementation and behaviour. To avoid put unnecessary restriction on UE design, the “panel” will be not referenced in both final RF requirement and test configuration. However, from RF requirement design perspective, a clear meaning of “panel” is very helpful for the discussion, and the following logical “panel” definition is used which is only focus on its behaviour rather than physical implementation. 
‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
•	Within a panel, one beam can be selected and used for DL reception.
•	Across different panels, multiple beams (each selected per panel) may be used for DL reception.
•	‘Beam’ is assumed to mean spatial filter associated with reception.
•	A physical panel with dual polarization is assumed as two “panels”.

[bookmark: _Toc134990009]6.1.3	Requirement metric
[bookmark: _Toc134990010]6.1.3.1	General
Two similar proposals were made along with the respective mathematical framework. Both aim to capture the probability of supporting 2 AoA reception for a given AoA separation but differ in the weighting assigned to the outcomes of all tested pairs. One method aims to capture the overall probability based on evaluation over the entire sphere, while the other limits evaluation to some subset of AoA pairs. It was agreed to pursue the overall probability based on evaluation over the whole sphere for this feature.
[bookmark: _Toc134990011]6.1.3.2	Overall probability based on evaluation over the whole sphere
[bookmark: _Toc134990012]6.1.3.2.1	Probability expression
The ideal metric for the requirement is the probability of supporting 2AoA reception when the 2 AoAs are randomly selected. This is the general case, assuming no TE constraints. To this end, a regional probability metric is first established 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 6.1.3.2-1) and a given TRP1 location (white star in the ‘ideal case’ in figure 6.1.3.2-1). 
Figure 6.1.3.2-1: ‘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.

To modify the formulation above to reflect TE constraints where each grid point (blue star in figure 2.1.3-1) is paired with just 2 unique grid points (green stars in figure 6.1.3.2-2) the equation for the metric can be rewritten as:

Where the regional constrained probability calculated at each grid point is modified to depend on a reduced set of test AoA pairs. 


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 6.1.3.2-2: ‘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.

There are multiple ways to quantify this constrained regional probability, described in subsections below.

[bookmark: _Toc134990013]6.1.3.2.2	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.


[bookmark: _Toc134990014]6.1.3.2.3	Arithmetic mean combining
Note that mathematical formulation of the regional probability in the general case shows it to be a weighted sum of all P/F outcomes. 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:

[bookmark: _Toc134990015]6.1.3.3	Overall probability based on weight per TRP pair
Recall that if the AoAs of the two TRPs can be arbitrary values rather than with a fixed offset in between, a full double surface integral needs to be performed to sweep through all the possible combinations of AoA1  and AoA2 to calculate the probability P that the device can successfully connect to two TRPs
                                                                                    (2.3.1-1)
where 
                                       (2.3.1-2)
                                           (2.3.1-3)
 if both panels have SINR larger than -1 dB; otherwise, it equals 0. In this case, it can be observed that the corresponding weight factor for each TRP pair should be . 
Now consider that only a fixed offset would be applied to between AoA1 and AoA2, the same weight factor can still be used if we see this as a subset of the full double surface integral. However, since a constant offset between AoA1 and AoA2 needs to be applied (e.g., AoA2 = AoA1+ offset), a Dirac delta function needs to be plugged into the integral  , so that we only count the AoA pairs which has the required offset. 
Assuming a case that the offset is only applied to plane, e.g., , where c is a constant offset, the integral of f  in 2.3.1-2 becomes  as below. Please note that since  is from 0° to 180°,  needs to be wrapped within the same range. 
      (2.3.1-4)
by integral over  and  , the double surface integral will be degraded to a single surface integral, as shown in 2.3.1-5. The detail of derivation can be found in the appendix. 
                                        (2.3.1-5)
Moreover, to correctly calculate the probability, the total weight  (assuming all test points can pass the SINR threshold -1dB) also needs to be correctly computer as well. For a completed double surface integral, the total weight  equals (4π)2. However, for the subset that has a fixed offset between AoA1 and AoA2, the total weight   varies with the AoA offset values, which are shown in Fig. 2. The value is computed numerically with the integral below but with constrain that  should be wrapped within the range from [0° 180°]. 
                                                        (2.3.1-6)                                      
[image: ]
Figure 2. The total weight  with different AoA offset values.
With  and  , the percentage of spherical coverage can be computed. As the results are weighted per TRP pair, the + offset and -offset pairs will be treated as two pairs or samples. The coverage probability  can be computed as: 

End Change


Next Change:

[bookmark: _Toc134990017][bookmark: _Hlk133785465][bookmark: _Hlk134174545]6.2	Simulation methodology 
[bookmark: _Toc78447625][bookmark: _Toc87881888][bookmark: _Toc99087353][bookmark: _Toc106111735][bookmark: _Toc106111836][bookmark: _Toc134990018]6.2.1	Simulation assumption
Based on the requirement concept in 6.1.1, the simulation assumptions are agreed as show in Table 6.2.1.
Table 6.2.1 Simulation assumptions
	
	Simulation assumption
	Note

	# of antenna module
	2 , dual polarized
	

	array of element antenna in each antenna module
	4x1
	

	Antenna location (front, back, top-side, left-side, right-side, bottom-side)
	combination of the lists
(e.g., left and right, Right and Top, Left and top, .etc.)
	Two antenna modules located at same side is not precluded



[bookmark: _Toc134990019]6.2.1	Simulation procedure
The details of simulation procedure are described below:
1.For one UE implementation
2. For one UE orientation
 3. Run EM simulation to obtain per-beam antenna gain patterns
· Constant step size is suggested <= 5°
· Performance difference between V/H element can be considered
· Normalize antenna gain to align with the gain drop between peak EIS and spherical coverage in current spec 
· Other calibration method also can be used.
4. For one angular separation
5. For one test grid point in 3D scan
· Select beam based on RSRP (or SINR)
5.1 Calculate SINR of AoA+ and AoA- respectively
· SINR = P_signal/(Noise + P_interf)
Where the P_signal is the power of wanted signal and the P_interf is the power of interference, Noise(dBm)= -174 +10*log10(CBW) +NF, CBW is channel bandwidth, NF =10
0. If SINR>=-1, PASS, otherwise, FAIL
5.3a OR combining the results of AoA+ and AoA-
5.3b No logic combination of the results of AoA+ and AoA-, but treat them as two separate points (e.g., arithmetic mean)
· Other methods for +/- offset data are not precluded
· Companies are encouraging to provide analysis on the pros and cons for each “combination” method 
5.4 Add weighting (sin θ or Clenshaw-Curtis Quadrature)
6. Repeat for other test grid point
7. Calculate the spherical coverage percentage
8. Repeat for other angular separation
9. Repeat for other UE orientations
10. Repeat for other UE implementations	

A noteworthy point is the calibration in step 3, and the intention is to minimize the difference between companies in simulation campaign. The following options were discussed to accommodate simulation data that is typically much better than the standard:
Option 1: Adjust the beam shape or scale the antenna gain to make UE align with both peak EIS and spherical coverage.

Option 2: Adjust the fixed DL power to align with real UE spherical coverage power level, e.g., if the spherical coverage in spec is -74.4 dBm with 10.9 dB gain drop and the UE only have 6 dB gain drop, then the fixed DL power need to be adjusted to -79.3 in the simulation.

Option 3: Meet any one calibration condition as long as the other condition is met or exceeded. Two examples:
· if a UE only has 6 dB drop from peak to 50th %ile, but the standards requirement for that parameter is 11 dB, the proposed calibration condition would be to align the peak direction to the REFSENS condition. 
· If a UE has 15 dB drop from peak to 50th %ile, but the standards requirement for that parameter is 11 dB, the proposed calibration conditions would be to align the 50th %ile direction to the spherical coverage EIS condition.



[bookmark: _Toc134990020]6.3	Requirement design 

Next Change:

[bookmark: _Toc134990022]6.3.3	± AoA separation
Due to the constraint of test system, the set of possible paired TRP locations for each test point reduces to 2 points, as show in Figure 6.3.2-1Ideal 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)
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)

Figure 6.3.2-1 Progressive test limitations due to practical considerations
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. Unfortunately, s simple 2TRP scan like legacy practice under fixed AoA separation does not exercise the UE with all AoA pairs the TE can produce. 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 6.3.2-2. (Mirror image UEs: UE with modules in the top + left faces versus a UE with modules in the top + right faces) 
1. 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 6.3.2-2.

Figure 6.3.2-2: Impact of not exercising the UE over all possible AoA pairs
To dig deeper into why a UE with symmetric behaviour 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 6.3.2-3 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 6.3.2-3 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 6.3.2-4. Applying this improved scan to 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.
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

Figure 6.3.2-4: Complementary pair version of 2TRP scan
Based on the analysis above, both +AoA offset and –AoA offset for each test point shall be considered in requirement evaluation. This arrangement is equivalent to the complementary scan technique.

Next Change:

[bookmark: _Toc134990023]6.3.5	AoA pairs for enhanced positioners
During investigation of projected UE performance with the legacy positioner, it became evident that different overall probabilities are calculated for the same UE, depending on its orientation in the positioner. See figure 6.3.3-3.
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 reference coordinate system defined by positioner axes. See figure 6.3.3-1. Figure 6.3.3-1: 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. 

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, see figure 6.3.3-2. 
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):
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 6.3.3-2 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 6.3.3-2: 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. The overall probability can be calculated from the regional probabilities over the sphere. The mathematical formulation 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.
Figures 6.3.3-3 shows the impact on calculated overall probability to support 2TRP DL of using a 3-axis positioner as described above to reduce bias for an example UE. 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. 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 6.3.3-3: Bias removal using a 3-axis positioner.
Bias from using a legacy 2-axis positioner.
Positioner upgrade

Due to pragmatic considerations, this positioner enhancement is not pursued for this WI.
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TRP1 locations relative to TRP2
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TRP2 locations relative to TRP1
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TRP1 locations relative to TRP2
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TRP2 locations relative to TRP1
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TRP2 locations relative to TRP1 (after complementary sweeps)
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TRP2 locations relative to TRP1 (after complementary sweeps)
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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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