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Introduction
The overall objective of the multi-Rx chain DL reception WI is to enable a UE to receive up to 4L ‘with simultaneous DL reception with two different QCL TypeD RSs on single component carrier’ [1]. A previous agreement [3] established that UE panel assumption should follow implementation agonistic manner, FFS on how to determine a minimum benefit that a UE must demonstrate when configured for this feature. This agreement has potentially far-reaching consequences which we investigate.

There are also practical test system and test considerations to balance against scope of functionality and tested in UERF. In this contribution, we attempt to use these important considerations in proposing high level details of the UE RF requirement 
Discussion
AoA separation for the UE RF requirement
It is generally preferred that test systems do not constrain the ability to thoroughly evaluate the UE, but in this case the ideal of having multiple independent AoAs for the TRPs is deemed to be a significant escalation in complexity and out of scope for this WI [5].Fig 2.2-1: Typical deployment condition
Relative AoA separation 

There are good arguments from a theoretical standpoint to do a thorough 2AoA search, and indeed use this as a design goal. On the other hand, this is difficult to translate into a UE RF requirement. It is therefore necessary to identify a subset of those conditions that could apply for the UE RF requirement. 
One possibility is to fix the first TRP to one AoA relative to the UE and scan all AoAs with the other TRP. Proposed test set ups for this approach may rely on DL sources close to the UE or in the near field of the UE. This arrangement has previously proven to be not suitable for black-box approaches and may only be viable for a loose functional check. The anchor approach using a calibrated link antenna is also not attractive because it is not able to capture the spatial filtering aspect of the UE correctly.
Another possibility is to draw on real deployment scenarios to set the compliance requirement. We note that in real deployments with this feature, there are 3 significant points in space: effective origin point of DL1, effective origin point of DL2, and the UE location. Geometrically this is a fixed triangle, and would mean a largely unvarying relative AoA separation as seen by the UE, regardless of UE orientation. Since the test system discussion is also waiting on this aspect of the UE RF requirements, and such a system is already a popular test set up option, it would be appropriate to focus RAN4 effort by deciding:
Proposal 1: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test.
It is reasonable to expect that the UE’s performance would be optimized for some specific relative AoA separation, but it would not be practical for a UE to be equally good for all AoA separations. Further, 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. If the UE requirements depend on measurements of sensitivity levels, it might be necessary to limit the number of spatial separations for spherical coverage measurements. If on the other hand the UE RF requirement takes shape based on simpler and faster go/no-go sensitivity checks, this proposed limitation on evaluated spatial separations is unnecessary. These arguments can cumulatively be reflected as:
Proposal 2: If the eventual UE RF requirement depends on sensitivity measurements at each grid point, 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.
Spherical coverage for AoA pairs
Background
For legacy DL functionality, it was relatively straightforward to get a spatial picture of the UE’s sensitivity for the UE RF requirement due to evaluation with a single AoA. The sensitivity data, in principle, is sampled uniformly over the surface of the test sphere. If the sampling is non-uniform (example: lat-long grid) the data is de-weighted according to the local surface density of the sample points (‘sine-weighting’ or similar).
In the 2AoA case, the problem can be viewed as introduction of a second AoA to form an AoA pair at each ‘stop’ of the UE’s spatial evaluation. In this case, how do we guarantee that the set of second AoAs also has well-behaved spatial distribution, like the first AoAs?
 2AoA spherical coverage
For this discussion we break out each pair into AoA1 and AoA2. For simplicity, we consider AoA1 to be the ‘legacy’ AoA, and AoA2 as an offset from the legacy AoA. TRP1 and TRP2 are assigned to these AoAs during the spherical sweep. There are 2 key challenges to establishing a robust spherical coverage method:
· The set of all test directions for TRP1 must cover the full sphere, just like the set of all TRP2 directions must.
· Sampling without regional bias means uniform sampling. In the spatial context, it means a constant density distribution of the test directions for each TRP. If these distributions are not uniform, the data must be compensated for that phenomenon.
In Annex 1, we have outlined a procedure that meets these challenges using well-understood legacy techniques, using a complementary-pair spherical sweep procedure. At a high level, TRP1 is first assigned to AoA1 which has known full spatial coverage, and TRP2 is assigned to AoA2, which has whatever distribution that manifests. For the complementary spherical sweep, TRP2 is assigned to AoA1 (full coverage) and TRP to AoA2, achieving the converse spatial coverage for each TRP compared to the first run. These runs are combined to ensure each TRP has full spherical coverage, but it also results in non-uniform spatial coverage. Any biases due to non-uniform grids or repetitions must therefore be removed in post processing. TE vendors can build on this concept and optimize in the direction they choose.
Observation 1: It is possible to get complete spatial coverage of both TRPs even if they are constrained to have fixed separation.
Observation 2: The spatial coverage of each TRP can be transformed to an equivalent uniform spatial distribution by extending legacy weighting techniques.
Proposal 3: Adopt a complementary-pair spherical sweep for both TRPs with a fixed AoA separation as the baseline method to achieve full spherical coverage of directional sensitivity. Each sweep of the complementary pair ensures at least one of the TRPs gets full spatial coverage of directional sensitivity measurement.
There is still some bias left in the data owing to simplifying compromises like single fixed AoA separation, flexibility in orientation of UE, etc., but that is impossible to remove without a thorough O{N2} search, which is impractical.
An important note here is that the complementary-pair spherical search can be used both in the physical test setup as well as the simulation domain.
‘Implementation agnostic’
Network benefit – how to quantify?
A previous agreement [3] established that UE panel assumption should follow implementation agonistic manner, FFS on how to determine a minimum benefit that a UE must demonstrate when configured for this feature.
In our view the intent is to avoid using a single architecture as the basis for deriving the UE requirement. This type of arrangement is beneficial in enabling UE design flexibility, but the implementation agnostic freedom cannot be separated from a basic assurance that the specific implementation chosen by a UE vendor has some minimum network benefit in context of this feature. 
Observation 3: It is crucial to first define the network benefit metric to enable specifying ‘implementation agnostic UE RF requirements’
It is self-evident from the WID that this feature is about increasing a UE’s DL capability by harnessing any idled resources it may have, given favourable network conditions like visibility of multiple TRPs in the mTRP case. At the same time, this capability should be sufficiently accessible to the network, else both the network and the UE are better off simply supporting the legacy 2L polarization MIMO functionality. 
For the legacy case, an obvious metric would involve some notion of efficiency as a ratio of DL throughput to radiated field density (i.e. sensitivity). Further, this efficiency would have to be considered over all angles, to fairly represent the UE. This idea can extended to the 2AoA case. The overall idea is to show that a UE has superior metric value(s) (‘figure of merit’) when using 2 AoA receive, compared to the single AoA case. For simplicity, this FoM can be defined for rank1/AoA and QPSK 1/3, allowing RAN4 to leverage legacy UE sensitivity requirements.
A figure of merit for a UE’s network benefit 
A legacy UE’s efficiency based FOM may be defined as the effective sensitivity derived from the spatial average of the directional efficiencies. For simplicity in explaining the concept, we have assumed a uniform spatial grid of ‘N’ points rather than a lat-long grid, to enable dropping the compensation terms (sine weighting) for non-uniform distribution of gid points. We use ‘TputDL’ as the throughput criterion for the legacy EIS requirement. For the legacy case, this FOM takes the form:

which can be simplified to:

This type of spatial averaging has strong precedent in the derivation of the TIS metric by CTIA (Annex ‘E’ of ‘Test Plan for Wireless Device Over-the-Air Performance’) and 3GPP’s own metrics like the FR2 MIMO averaged spatial sensitivity and FR1 TRS. 
The FOM can be extended to the 2AoA case be recognizing that the UE has two concurrent links, one for each TRP. For each TRPn: 

This formulation highlights the first important consideration: the AoA pairs must be selected so that the underlying directions for each TRP are also uniformly distributed in space, otherwise spatial bias will be introduced. If there is non-uniform distribution, de-weighting must be used to remove bias. Also, the TRP must have full spatial coverage, it is impossible to get an unbiased picture with incomplete coverage for the TRP. The same methodology proposed for achieving full spatial coverage for the UE RF requirement can be pursued for the theoretical FOM calculation also, see Annex 1.
The figures of merit for each TRP in the 2AoA case can be treated individually or be combined for an ‘overall goodness’ of the UE, it is mostly a matter of convenience. 

The benefit of combination is that we can look at the UE’s network benefit as a whole, rather than coverage per TRP which is a UE implementation detail. A more complex and more exact formulation is possible [7] by turning to the MIMO channel capacity expectation, but the simple formulation above seems like a good enough indicator because it retains a monotonic relationship between capacity benefit and FOM sensitivity improvement relative to the better (more sensitive) link.
The FOM is intended primarily as a simulation-domain check, to identify which UE designs will yield a tangible throughput improvement and use only those for constructing the UE RF requirement. In the best-case scenario where the sensitivities to each TRP do not degrade compared to the single AoA case, the FoM for the 2 AoA case is 3 dB lower than the baseline FOM. In the worst case, the UE decides it is better off not engaging the second TRP, one of the sensitivities becomes very high and does not contribute to improving the FoM. In this case, the FoM for the 2 AoA case merely equals the baseline FOM. The FOM for the 2AoA case is therefore expected to be between 0 and 3 dB better (lower) than the baseline FOM.
Another important aspect to consider is inter-beam interference. Inter-beam interference is the condition when both TRPs are simultaneously visible with comparable power levels at each of the receivers. Physically this happens when the TRPs are too close to each other, in relation to a typical beam shape the UE form in the direction of the TRPs. Inter-beam interference could happen in deployment, but it is possible to dodge this condition when computing the FOM with rank1 DL signals. Since this exercise is about network benefit in deployment conditions, it would be appropriate to evaluate the FOM for the worst-case choice of polarizations (example: both TRPs transmit in their respective local theta polarizations or both in their local phi polarizations).
Observation 4: The 2AoA FOM would reflect a UE’s network benefit only if:
1. The underlying directions across all AoA pairs are corrected for any non-uniform distribution 
2. [bookmark: _Hlk118706497]The worst-case DL polarization pairing across the 2 TRPs is considered (to capture inter TRP interference)
Minimum network benefit
We previously established that the difference between the legacy single FoM and the 2AoA FoM for an AoA pair is bounded by 0 dB (no benefit from legacy operation) and 3 dB (best case benefit relative to the better direction). It follows then that FOM2AoA for a practical enhanced UE would be some X dB better (lower) than the baseline FOMBL, where X is between 0 and 3 dB. This value can be decided with simulation studies.
Proposal 4: A UE’s baseline network benefit (legacy functionality) is captured as 

Where the directions are uniformly distributed in space. 
Proposal 5: A UE’s network benefit when configured for 2-AoA reception is captured as

Where the AoA pairs are chosen based on the UE’s preferred fixed relative angular AoA separation, and the underlying directions over all AoA pairs are corrected for any non-uniform distributed in space. The FOM is taken as the worst-case value across all DL polarization possibilities, to capture impact of inter-beam interference.
Proposal 6: The minimum network benefit for an enhanced UE is  is FFS.
The network benefit above could also double as the UE RF requirement itself, albeit in simplified form. 
Sensitivity condition
In [4], we explained why a ‘balanced SINR’ is a good candidate for the sensitivity condition for the 2 AoA case. In short, the balanced sensitivity condition is the only unique pairing of DL powers for a given AoA pair. This is true for either mDCI or sDCI UEs. 
For determining the sensitivity condition however, mDCI and sDCI UEs must be considered separately because the former can report per-TRP throughput, while the latter can only report cumulative throughput.
For mDCI UEs (per-TRP throughput report available) the sensitivity condition where both links have similar SINR can be determined in principle by performing the legacy procedure of reducing DL power while watching throughput on each link sequentially, once for each TRP. To avoid concerns about power imbalance at the UE during test, it may be preferred to start off with equal transmitted powers in both DL antennae and drop them in unison until one of the links starts to show stress (sensitivity condition). The DL power can then be dropped in the other link until it too reaches sensitivity condition. Due to the possibility of inter-beam interference, a final 2D search across both TRP DL powers may be necessary.
For sDCI UEs, a similar blind search approach could be adopted as a baseline. Both DL powers would be reduced from the same starting power level in unison until the cumulative throughput starts to drop. At this point half the bits have low SNR, while the other half probably have power to spare. The next step is to identify the layer that has surplus SNR and drop the DL power associated with that layer while ensuring there is no significant impact to throughput. In effect, the procedure to determine the sensitivity condition is similar for both types of UEs: the search is based predominantly on 2 one dimensional searches, followed by an optional 2D optimization. The details and related MU can be discussed in future meetings. 
Observation 5: For both mDCI and sDCI UEs, the sensitivity condition can be determined by 2 one dimensional searches, followed by a 2D refinement.
Proposal 7: For sensitivity as each test point (AoA pair), the individual DL powers from each TRP are set in a ratio that enables a balanced sensitivity condition, where ‘balance’ implies similar throughput degradation with reduction in DL power for both TRPs.
DL polarizations for the UE RF requirement
Without the ‘implementation agnostic’ methodology, RAN4 would need common understanding on the size of the ‘blind spot’ the UE would experience due to inter-beam interference, in trying to receive 4L from 2AoA. This in turn would have necessitated alignment on assumptions about UE beam shapes and codebooks, which would be very intrusive on UE vendors and is counter to the preferred direction of specifying a standard. We had previously proposed careful arrangement of the DL signals [4] to go around this problem, so the requirement can focus exclusively on the sub-functionality pertaining to independent tracking of the 2 TRPs. With the implementation-agnostic methodology along with a minimum theoretical network benefit check, it would no longer be necessary. 
Possible directions for the UE RF requirement
Discussions have generated sufficient progress on some building blocks to allow meaningful discussion of a compliance requirement.:
1. There seems to be majority support for a simplified test set up with fixed relative AoA separation during test
2. There is at least one proposal for a figure of merit of network benefit for the UE, to enable ‘implementation agnostic’.  
We see 2 broad options for the UE RF requirement based on previous RAN4 discussion:
1. A requirement on the measured spatial sensitivities for each TRP, across all tested TRP pairs.
a. The UE RF requirement could be a point-by-point degradation requirement, or some spatially averaged requirement 
b. This method requires a notion of directional sensitivity, which also enjoys at least one proposal
c. There is at least one proposed method to achieve full spherical coverage with the majority preferred test set up (fixed relative AoA separation) for evaluation of numerical parameters like sensitivity (proposal 3 and Annex in this contribution)
2.  A simpler go/no-go throughput check with fixed MCS for each evaluated AoA pair, given some fixed DL power per TRP. This avenue however needs further development to establish a spherical coverage sweep method that can be de-biased from any spatial bias, given binary outcomes for the test. 
Observation 6: The general concept for the UE RF requirement as a go/nogo test can be revisited once a spherical coverage scheme can be devised for this type of test. 
Conclusions
Proposal 1: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test.
Proposal 2: If the eventual UE RF requirement depends on sensitivity measurements at each grid point, 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: It is possible to get complete spatial coverage of both TRPs even if they are constrained to have fixed separation.
Observation 2: The spatial coverage of each TRP can be transformed to an equivalent uniform spatial distribution by extending legacy weighting techniques.
Proposal 3: Adopt a complementary-pair spherical sweep for both TRPs with a fixed AoA separation as the baseline method to achieve full spherical coverage of directional sensitivity. Each sweep of the complementary pair ensures at least one of the TRPs gets full spatial coverage of directional sensitivity measurement.
Observation 3: It is crucial to first define the network benefit metric to enable specifying ‘implementation agnostic UE RF requirements’
Observation 4: The 2AoA FOM would reflect a UE’s network benefit only if:
1. The underlying directions across all AoA pairs are compensated for any non-uniform distributions 
2. The worst-case DL polarization pairing across the 2 TRPs is considered (to capture inter TRP interference)

Proposal 4: A UE’s baseline network benefit (legacy functionality) is captured as 

Where the directions are uniformly distributed in space. 
Proposal 5: A UE’s network benefit when configured for 2-AoA reception is captured as

Where the AoA pairs are chosen based on the UE’s preferred fixed relative angular AoA separation, and the underlying directions over all AoA pairs are corrected for any non-uniform distributed in space. The FOM is taken as the worst-case value across all DL polarization possibilities, to capture impact of inter-beam interference.
Proposal 6: The minimum network benefit for an enhanced UE is  is FFS
Observation 5: For both mDCI and sDCI UEs, the sensitivity condition can be determined by 2 one dimensional searches, followed by a 2D refinement.
Proposal 7: For sensitivity as each test point (AoA pair), the individual DL powers from each TRP are set in a ratio that enables a balanced sensitivity condition, where ‘balance’ implies similar throughput degradation with reduction in DL power for both TRPs.
Observation 6: The general concept for the UE RF requirement as a go/nogo test can be revisited once a spherical coverage scheme can be devised for this type of test. 
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Annex 1: Procedure for complete spherical coverage with AoA pairs with fixed separation.
The need for careful selection of AoA pairs so the underlying directions are also uniformly distributed in space is well understood. If the underlying AoAs are non-uniformly distributed, the data must be de-biased, like de-biasing by sine-weighting of grid points that crowd together near the poles of a lat-long grid. 
It was proposed in section 2.1 that the UE be allowed to meet the eventual UE RF requirement for its choice of preferred fixed AoA separation. Denote relative angle of separation as ‘’, and assume for simplicity an N-point constant surface density grid:
1. For AoA pair #k, choose TRP1 as the TRP located at the legacy direction from the set of constant surface density grid points (AoA1).
2. Identify AoA2 of this pair (offset AoA) for TRP2. 
a. In the test-setup domain, the physical location of the second source determines location of AoA2. 
b. In the simulation domain, Generate AoA2 of pair #k by using some convenient rule on AoA1. For example: move away along a longitude (=constant) from AoA1 by a great circle arc-length corresponding to ‘’. In general, AoA2 will not land on an existing grid point – this can be addressed by snapping to the nearest grid point. The AoA separation error introduced is zero mean and can be considered to have a standard deviation of  degrees. i.e., the error can be reduced by the simple computational expedient of choosing a denser grid. 
3. Record directional sensitivities for each TRP
a. In the test-setup domain this is determined by DL powers of the TRPs at the 2 AoAs respectively
b. In the simulation domain, sensitivity analysis is run with the specific UE implementation and the specific locations of the AoAs relative to the notional UE.
4. Repeat 1-3 by sequentially picking all N points in the constant surface density grid for AoA1 to give N AoA pairs. At this stage, the set of TRP1 directions (AoA1) over all pairs are uniformly distributed and cover the whole sphere, but in general, the set of TRP2 directions (AoA2s) is neither uniformly distributed nor does it completely cover the sphere. A graphical representation of the TRP coverages after this step is below:
	
	TRP1 coverage of test sphere
	TRP2 coverage of test sphere

	Coverage from step 4
	AoA1:
	AoA2:



5. Repeat 1-4, but with TRP 2 assigned to the legacy direction (AoA1) and TRP1 as the offset direction (AoA2). This step prioritizes uniform and complete coverage of TRP2, and leaves TRP1 with a similarly incomplete and irregular coverage as TRP2 after step 4. Thus steps 4 and 5 together form a complementary pair of spherical sweeps.
	
	TRP1 coverage of test sphere
	TRP2 coverage of test sphere

	Coverage from step 4
	AoA2:
	AoA1:



6. After step 5, we cumulatively have a symmetric collection of TRP1 directions and TRP2 directions across all 2N pairs (i.e across both complementary sweeps). Furthermore, the set of TRP1 directions as well as the set of TRP2 directions cover the whole sphere and have similar overlap statistics, being mirror images of each other. The complementary sweep method thus satisfies the main requirement that both TRPs must be sampled over the whole sphere. 

	
	TRP1 coverage of test sphere
	TRP2 coverage of test sphere

	Cumulative coverage after step 5
	
	



7. Note that the sampling of each TRP on the sphere is not uniform, because the sampled directions for each TRP consists of one set of legacy directions (AoA1s) and one set of offset directions (AoA2). Even if AoA1s are drawn from the set of constant density grid points as we have assumed in this example, contribution from AoA2 directions dilute this property. 
8. To compensate, identify repeated AoA points in each set, TRP1 directions and TRP2 directions. The contribution for each repeated AoA is de-weighted by the number of repetitions in that set and combined. This step reverses the bias cause by repeated points. For example, if a certain direction ‘x’ appears thrice in the set of TRP1s with mW-domain sensitivities Sx1, Sx2 and Sx3, the sensitivities associated with those directions would be de-weighted as 3*Sx1, 3*Sx2 and 3*Sx3 prior to combining: 

Constant density grids of adjustable density are readily available in the public domain [6]. 
This procedure can be readily adapted for lat-long grids by extending the de-weighting principle to each point whether repeated or not, to reflect the variable surface density of legacy directions. For example, if a certain direction in an AoA pair has directional sensitivity ‘S’ and a theta coordinate of x, the de-weighted sensitivity would be S/sin(x). This de-weighting would have to be performed in addition to any de-weighting motivated by repetition, i.e. de-weighting is now required to reverse two mechanisms that cause non-uniform distribution.
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