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Topic #1: UE RF requirement details
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304121
	Nokia, Nokia Shanghai Bell
	Observation 1: Relaxation on coverage fraction will leads to coverage sinkage and degradation of user experience, which is less acceptable.
Proposal 1: Use different DL power levels for the two AoAs in option 3 [verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level]. 
Proposal 2: One of the DL power levels should be equal to or close to the legacy spherical coverage EIS requirement level. 
Proposal 3: ∆R2TRP needs to be defined for the second DL direction for small AoA separation (<90 degree) and for large AoA separation (≥90 degree) the effect of inter-beam interference is negligible, ∆R2TRP need not be defined. 


	R4-2304130
	Apple
	
[image: ]
Observation 1: 	+AoA offset and -AoA offset may or may not impact the performance, depending on implementations. 
Observation 2: 	Implementation 3 performs the worse for any AoA offset. 
Observation 3: 	As AoA offset increases, not all implementations perform better.
Observation 4: 	Either Implementation 1 or Implementation 3 may perform better depending on different AoA offset.
Observation 5: 	With the DL power level set to -74.4dBm, the two AoA performance is quite pessimistic.

Proposal 1: 	More UE implementations/orientation are to be simulated/investigated, and the final requirement should accommodate different UE implementations. 

Proposal 2: 	The above options (for AoA separations) on how to specify the requirement are to be further discussed. 

Proposal 3: 	It is up to UE to declare one fixed AoA offset it supports in meeting the core requirement. 

Proposal 4:	It is assumed both polarizations supported by an antenna module are used to receive one AoA in deriving the RF requirement, in order to make sure the UE can support 4-layer DL MIMO.

	R4-2304603
	Qualcomm Incorporated
	(Applies for) mDCI or sDCI schemes.
Observation 1: Unlike in the legacy case where the coverage fraction is the probability that a randomly selected direction is ‘in coverage’, in this feature, 2AoAs must be selected. i.e. there is no single point to classify as in- or out-of-coverage. 
Proposal 1: The UE RF requirement metric for the 2TRP DL feature is a probability to support the feature. This is aligned with legacy practice where ‘coverage fraction’ is the probability that a randomly selected direction is ‘in coverage’. 
Observation 2: The probability of a UE to support 2TRP Rx is a spatial average of regional probabilities. Regional probability is the probability of a UE to support 2TRP Rx, given a fixed location of one of the TRPs. 
Observation 3: In the formulation for overall probability of supporting 2TRP DL, the TE constraint [3] implies that that the regional probability calculated at each grid point must be modified to depend on a reduced set of test AoA pairs. 
Proposal 2: Choose option 1 [1.2.14, 7] on beam selection as baseline for simulation: UE selects beam for each module so RSRP of RS from assigned TRP is maximized.
Proposal 3: Choose option 1 [1.2.14, 7] on module selection per TRP for PC3 as baseline for simulation: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP.
Proposal 4: Choose option 1 [1.2.14, 7] on module splitting as baseline for simulation: no module splitting behavior is assumed for PC3.
Observation 4: The overall probability of a UE with modules on opposite faces to support 2TRP DL is insensitive to beam-scanning orientation (H-scanning or V-scanning), under agreed TE constraints. 
Observation 5: The same UE generates different overall probabilities based on module coverage patterns relative to the UE reference coordinate system with the agreed TE constraints.
Observation 6: Both, the OR combining method and the arithmetic mean method seems suitable for calculating the overall probability to support 2TRP DL, at least for a UE with modules on opposite faces.
Observation 7: The overall probability of a UE with modules on adjacent faces to support 2TRP DL is insensitive to beam-scanning orientation (H-scanning or V-scanning), under agreed TE constraints. 
Observation 8: Different overall probabilities (to support 2TRP operation under the TE constraints) are calculated for the same UE depending on orientation in positioner.
Observation 9: Both, the OR combining method and the arithmetic mean method seems suitable for calculating the overall probability to support 2TRP DL, at least for a UE with modules on adjacent faces.
Observation 10: Sensitivity to UE module orientation relative to the UE reference coordinate system suggests that the agreed TE constraints retain sources of bias despite previous agreements [7].
Proposal 5: RAN4 to discuss the following options to address bias due to AoA pairs that only lie along longitudes (agreed TE constraint [7 – WF R4-2303708]):
1. The UE requirement specification as well as the compliance verification condition are based on and limited to the UE’s declared alignment options per TR38.810, Annex C.
2. The TE positioner is upgraded to have 3 degrees of freedom, so AoA pairs are equally arranged around the grid point being measured. FFS positioner feasibility.

	R4-2304608
	LG Electronics
	Observation 1: There is a meaningful difference of ratio between Case 1 and Case2, and between Case 1 and Case 3 in both antenna module combinations (left&right, left&top). 
Observation 2: The ratio is different depending on the antenna module combination type.
Observation 3: AOA offset of 180o has about a 10% lower ratio than other AOA offsets in antenna module combination of left & right. 
Observation 4: There is a meaningful difference of a required fixed DL received power level between Case 1 and Case2, and between Case 1 and Case 3 in both antenna module combinations (left&right, left&top). 
Observation 5: The required fixed DL received power level is different depending on the antenna module combination type.

Proposal 1: Consider the minimum ratio between the antenna module combination type if defined.
Proposal 2: Consider the maximum fixed DL received power level between the antenna module combination type if defined.
Proposal 3: Decide whether to apply a single requirement or not regardless of whether one antenna module has a lower antenna performance gain than another antenna module.
Proposal 4: Consider UE capability for different requirements if necessary.
Proposal 5: Consider that UE shall meet the requirement of at least two AOA offsets to reduce test time. One is selected from {30o, 60o, 90o } and another is selected from {120o, 150o, 180o }.
Proposal 6: Consider the requirements of Table 2.4 and Table 2.5 as a starting point.

	R4-2304797
	ZTE Corporation
	Proposal 1: The UE RF requirements should be derived based on the worst AoA separation value after remove the unreasonable AoA separation value and the UE RF requirements apply for all the supported AoA separation values.
Proposal 2: The worst case polarization used to derive the UE RF requirement can be determined by RAN5 or all DL polarization assumptions should be considered to derive the UE RF requirement.

	R4-2304824
	Samsung
	Observation 1:	practical radiation pattern is much different from ideal pattern.
[bookmark: _Hlk132118972]Proposal 1:	various possible panel placement and UE orientation should be considered in simulation, and practical radiation pattern than ideal pattern is encouraged.
Proposal 2:	make sure both interference and UE noise have been taken into account in simulation.
Proposal 3:	adopt RSRP criteria rather than SINR criteria as beam selection assumption for simulation and requirement derivation.
Observation 2:	the impact of beam selection prioritization between TRPs is tiny.
Proposal 4:	Requirement for 28GHz bands are prioritized. Further evaluation is needed for 39GHz bands requirements after 28GHz bands requirements are converged.
Observation 3:	different panel placement implementations show obvious different trend in angular separation preference, thus it is not applicable to specify requirements for both small angular separation and large angular separation.
Observation 4:	there is even orientation showing bad performance for every angular separation from 30° to 180°, thus it is not applicable to specify requirements for all UE orientations.
Proposal 5:	2AoA spherical coverage requirement shall be based on UE declaration of its preferred angular separation and orientation
Proposal 6:	Confirm the baseline requirement concept (e.g. go or no-go) as the agreed requirement concept.
Observation 5:	if UE can declare its preferred angular separation and orientations, and the “OR” combing is maintained, then the “%” metric is doable.
Observation 6:	the polarization impairment in commercial UE is not fully reflected in simulation, which can be alleviated by DL polarization average in legacy 1AoA case, but could not be alleviated in the new 2AoA case.
Proposal 7:	it is necessary to consider an additional relaxation factor due to DL polarization scheme change compared with legacy scheme

	R4-2305071
	Xiaomi
	Proposal: The relaxation definition for 2AoAs should include both of the relaxation of the fixed DL power level based on the peak EIS of legacy RX and the relaxation of coverage fraction to count the qualified test point.

	R4-2305098
	vivo
	Observation 1: The performance of V-pol and H-pol element may be different in practical UE design.
Observation 2: Even under same offset value and UE orientation, the functionality based performance can be various for different polarization pairs.
Observation 3: The N% of AND combining and OR combining have same trend under different AoA separations.
Observation 4: The relative position between UE and AoA pair will be changed under different UE orientation and the metal frame will make the EM field become scattered, and all these factors make the N% can be various under same AoA offset.
Proposal 1: Both and  need to be tested, and the final result should be max (, ).
[bookmark: _Hlk132110889]Proposal 2: The Pass/Fail results of each test point is constructed based on all AoA pairs containing that test point.
Proposal 3: Conclude that OR combining is used when the test point is tested more than once.
Proposal 4: UE declare {AoA offset, UE orientation} as a package for verification
· AoA offset∈[30,60,90,120,150]
· UE orientation ∈[Top, Bottom, Left, Right, Front, Back]

Proposal 5: At least two different UE orientation need to be verified. 
Proposal 6: Only define a single value of N% as requirement for all offset value, e.g., 25%.
Proposal 7: No need to define the N% for each CBW, and only one of the CBM can be chosen for verification, e.g., 200MHz.


	R4-2305599
	Huawei, HiSilicon
	Observation: Under the functionality verification method, the AoA separation that a UE equipped with dual antenna modules would have best performance is somehow determined by the beam peak direction separation of the two modules.  
Proposal: Relaxation should be considered for the RF requirement of this feature like (alpha*legacy EIS spherical coverage fraction), where alpha is a decimal smaller than 1 and legacy EIS spherical coverage fraction is e.g., 50% for PC3 UE. 

	R4-2305616
	OPPO
	Proposal: For the constant-step size grids, when consider spherical coverage performance, the test points should be scaled according to the θ angle of the test points. And the proposed weights for the test point are Sine or Clenshaw-Curtis Quanrature.

	R4-2305750
	Sony, Ericsson
	Observation 1: the weight factor for each TRP pair is .
Observation 2: the total weight varies with AoA offset values when the results are weighted per TRP pair. 
Observation 3: The weight factor is  when weighting the results per TRP. 
Observation 4: The physical meaning of the “per TRP” weight method can be interpreted as the probability that UE can be connected to the 2nd TRP with the anchor TRP from different AoAs.
Observation 5: for each TRP1 test point, two test results are associated with +offset and -offset for TRP2.
Observation 6: failed test points (e.g., “no-go”) and passed test points (“go”) would be hidden if we adopt “and combine” and “or combine,” respectively.
Observation 7: the major difference between the two weight methods is that the solid angle area of AoA2 does not affect when the results are weighted “per TRP”. On the hand, weighting the results by “per TRP pair” consider the impact from the solid angle of both TRPs, but the total weights need to be carefully treated. 
Observation 8: Similar trend can be observed when adopting different weight methods.
Observation 9: Since the AoA offset is limited to θ plane, performance differences can be observed at different P0 positions.
Observation 10: The coverage performance highly depends on AoA offset and UE panel placement, but different UE implementations show similar performances for small AoA offset.
Observation 11: The coverage performance at AoA offset = 30° may be too low to be tested with a practical grid step and may not be feasible for setting core requirements.  
Proposal 1: Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power to set the core requirement, and then derive the minimum coverage percentile requirement for multi-Rx chain DL reception accordingly. 
Proposal 2: RAN4 shall further discuss the simulation assumption for UE behavior when the UE selects the two beams for the two DL signals. 
Proposal 3: If the per TRP weight method is adopted, it is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
Proposal 4: RAN4 shall decide how to weight the test results based on reasonable physical and mathematical meaning.
Proposal 5: Further study how to handle the test performance differences due to different P0 positions. 
Proposal 6: it is proposed to test the UE with 60° and 150° AoA offsets, but whether the same requirements should be applied to both offsets can be studied further.

	R4-2305788
	Keysight Technologies UK Ltd
	Observation 1: FR2 UE RF test cases allow multiple alignment options; the selection of any of the orientations has no impact on the test results
Observation 2: FR2 NR MIMO testing where absolute probe locations are defined and where the test verdict is based on parametric testing, only a single device orientation is permitted
Proposal 1: OEMs to determine whether different device orientations/alignment options yield different multi-AoA spherical coverage test results and what augmentations of the test system/AoA directions are necessary to de-embed those differences
Proposal 2: Define just a single permitted DUT orientation/alignment option for FR2 multi-Rx testing.
Proposal 3: For FR2 multi-Rx testing not based on counting pass/fail verdict but based on probability contributions instead, apply a theta-dependent correction, i.e., scale the PDF probability contribution for each combination of AoA1&AoA2 by sin(qAoA1)*sin(qAoA2) or the normalized Clenshaw-Curtis weights W(qAoA1)/W(90°)*W(qAoA2)/W(90°)


Open issues summary



High level UE RF requirement
Confirm requirement concept
Proposal (Y/N): Confirm the baseline requirement concept (e.g. go or no-go) as the agreed requirement concept (R4-2304824)
	Company
	Comments

	Murata
	We support proposal (Y)

	vivo
	OK with the proposal

	Huawei
	In general we can confirm this go/no-go concept for mDCI. As for sDCI, further study may be required in case any issues could be identified. 

	LGE
	Support the proposal.

	ZTE
	We support the proposal.

	Keysight
	While we generally agree that the baseline concept should be based on non-parametric or pass/fail approach, it should be further discussed whether the requirement concept should be based on probability contributions (which seems to be the primary approach in the WI thread) or based on counting of pass/fail verdicts or based (which is discussed in the SI thread by KS and R&S)

	Xiaomi
	Support this proposal

	Apple
	We support it.

	Sony
	We support the proposal

	OPPO
	Support the proposal

	Nokia
	We can agree on it.



Discussions:
Huawei: one question is whether we should consider sDCI.
Qualcomm: both are on the table.
Apple: share the same view as Qualcomm. We should consider both. To Huawei, there might be different performance, which can be addressed by having different power levels.
Samsung: sDCI has been accommodated in agreed WF. Regarding n %, we need discussions on the meaning.

Agreement: 
· Confirm the baseline requirement concept (e.g. go or no-go) as the agreed requirement concept

On introducing UE capability
Proposal on introducing UE capability for different requirements if necessary: Decide whether to apply a single requirement even if one antenna module has a lower antenna performance gain than another antenna module. (R4-2304608)
	Company
	Comments

	Murata
	How about making PC7 specification, if we need lower performance antenna module?

	vivo
	The proposal mentioned here is an implementation specific issue, we don’t see the necessity of introducing such capability.

	Huawei
	We support single requirement since the principle is implementation agnostic and such gain imbalance is a realistic implementation choice and there is no need to introduce UE capability. 

	LGE
	We’re open to introduce UE capability if different requirements are needed. 

	ZTE
	We support single requirement and agree with HW that the requirement should  be implementation agnostic.

	Xiaomi
	The intention is unclear, at least I can’t understand how the network use this capability.

	Apple
	We are OK to further discuss it. Meanwhile, a single requirement is preferred if different UE implementations can be accommodated.

	Sony
	No, we don’t think the capability is needed. Similar view as Vivo, the motivation for the proposal is a UE implementation choice. Since we have agreed the UE requirement should be implementation agnostic, we don’t see the necessary to introduce the capability. 

	Ericsson
	Capability not needed for verification of the requirement (by declaration as usual)

	Nokia
	We can have one requirement. We do not need relaxation based on lower performance of the antenna module.
Because the requirement means to ensure the performance of the UE (antenna module) is good enough.

	
	



Discussions: 
Moderator: this is the first time and skip it.
Apple: we need considering whether or not to accommodate different implementations. This is the enhancement feature. The fundamental is whether we should consider different UE capabilities. I do not see the reason to close the door for certain implementation of UE.
Samsung: We agree with Moderator. We had agreed that the requirements should be implementation agnostic. The requirements should be the same.


Data bias in agreed TE assumptions
Motivation: Sensitivity to UE module orientation relative to the UE reference coordinate system suggests that the agreed TE constraints retain sources of bias despite previous agreements. [7 – R4-2303708]. OEMs to determine whether different device orientations/alignment options yield different multi-AoA spherical coverage test results and what augmentations of the test system/AoA directions are necessary to de-embed those differences. Figure on right intends to show same UE with different results for different orientations and, justification for option 3 below. 
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Proposals
· Option 1: ‘Bias due to agreed TE constraints’ is not the correct conclusion – If so, please provide explanation
· Option 2: The UE requirement specification as well as the compliance verification condition are based on and limited to the UE’s declared alignment options per TR38.810, Annex C (R4-2304603).
· Define just a single permitted DUT orientation/alignment option for FR2 multi-Rx testing (R4-2305788). v

· [bookmark: _Hlk132185692]UE declares one packages of {AoA offset, UE orientation} that will meet the requirement (R4-2304824)
· UE declares two packages of {AoA offset, UE orientation}  that will meet the requirement (R4-2305098) 
· Option 3: The TE positioner is upgraded to have 3 degrees of freedom, so AoA pairs are equally arranged around the grid point being measured. FFS positioner feasibility (R4-2304603). See figure to the right.
· Option 4: Other, please specify.
	Company
	Comments

	vivo
	We support 3rd sub-bullet in option 2. We really appreciate the work from Qualcomm to raise this “bias” issue and we also find similar phenomenon in our simulation. In our view, even with this new TE positioner, it can only dimmish the “bias” but cannot eliminate completely, because we still cannot verify each possible direction of AoA pair, and we also afraid that this new positioner will increase the test complexity significantly.  
Instead, the intention of 3rd sub-bullet in option 2 is to show that we realize the “bias” exist but only chose 2 different specific cases from all possible directions for verification to save the test time.
As for the 1st and 2nd sub-bullet in option 2, the “bias” is not reflected in the verification.

	Huawei
	Option 2. Further decision among the three alternatives can be further discussed.

	LGE
	First, we would like to clarify whether RAN4 makes different requirements depending on the UE orientations. It can make test time increase. So, our preference is to define just a single permitted DUT orientation which is declared by UE. Here, different AoA offsets can be tested under the declared DUT orientation. 

	ZTE
	We support 2nd sub-bullet in Option 2 and single requirement can be defined with a single permitted DUT orientation.

	Keysight
	Support Option 2 (first bullet preferred). Option 3 is not preferred as it would require highly unconventional and complex positioner systems.

	Anritsu
	Support Option 2, FFS on the number of UE alignment options to be declared. 
Option 3 should be avoided, as there are the following anticipated concerns with the 3-axis positioner:
· Degradation of the QoQZ is anticipated.
· Extreme temperature condition cannot be tested with this new design unless we add a major change with our OTA chamber.
· Areas where downlink beams are blocked will increase compared to the existing 2-axis positioner.
· DUT size will be limited. (could be PC3 UE maximum.)
· The size of motors on the 3-axis positioner depends on the size of DUT, structure of the arm for the positioner, and their necessary strength.

	Verizon
	Option 3! 
We agree that the bias in the data is an issue on the spherical coverage of a functional P/F test! This option is feasible to UE orientation in the 3 axis positioners to emulate a practical device operatable environment. 

	Sony
	The issue proposed here exists. To resolve the issue, we should first decide if more advanced positioner would be pursed. If not, we need to define the core requirement with consideration of the UE initial position. One possible solution is based on the UE declaration. In this case, the core requirement should be derived based on the best results from all the permitted initial positions. However, we don’t support to declare the AoA and UE orientation as package. 

	Ericsson
	Option 3 would be ideal but appears complex. Option 4: the starting position could be declared for two fixed AoA directions.

	Nokia 
	FFS. Need more time to study the solutions.

	Qualcomm
	Thanks for the discussion on this topic. Based on views above, while there are good technical reasons for considering an enhanced positioner further, there are equally many technical challenges in the short term as pointed out by TE vendor community. There are also strong views against the change and cost impact even if the technical challenges can be overcome. As proponents we can agree to stop discussion on the positioner enhancement if there is documentation of having considered the problem and having made a conscious decision to retain the old system based on technical and practical considerations. To satisfy the documentation request, we would like to record the corresponding work in the companion SI TR. 

Perhaps an agreement could be:

1. A TE system that uses a legacy positioner (roll over azimuth) and sources in a plane perpendicular to the azimuth axis (‘horizontal plane’) has an inherent bias because test AoA pairs only lie along meridians of the UE centric grid. i.e no test AoA pairs in other directions.
a. The work on the enhanced positioner, including motivation, conceptual solution, implementation aspects shall be recorded in the accompanying SI TR38.871 as record of having considered the technical aspects associated with the legacy positioner.
2. To balance pragmatic considerations against the goal of removing the identified source of bias, the requirement is agreed to be framed consistent with the previous TE system agreements (legacy positioner).
3. The requirement applies for one of the FFS options below:
a. one or more UE-declared orientations in the positioner or 
b. one or more standard-specified UE orientations in the positioner. 
4. FFS if UE orientation is packaged with AoA separation angle a a pair.
 

	Anritsu
	We agree with the proposal of agreement just above from Qualcomm.

	OPPO
	Thanks for Qualcomm’s moving forward proposals. We support the proposals and option 3a is preferred.



Keysight: We just do not go too far as Option 3. Full degree of freedom is not preferable. We agree with option 1. We would like to propose Option 2.
Apple: this is an important issue. At least we probably need to investigate how the test setup can accommodate it. How will it need to change the test setup? No matter what we need find a way to address it. The different UE can all be accommodated by the requirements.
Sony: We share the similar observations. Whether to remove so-called bias or find solution needs more discussions. Then we can focus on more specific solution.
Nokia: agree with Apple, Sony and Keysight. We need address it in the proper way.
Qualcomm: to Keysight, we do not have full freedom for two AoA, which depends. It does not mean it is not OK to use just because of more flexibility. If the requirements only applies for the orientation of UE, are we OK with that?
Samsung: the issues come from the limitation of test equipment. Thus we should clarify clearly the orientation of UE. For option 3, it is not aligned with the agreement of SI for full sets as mentioned by Keysight. 
R&S: Aligned with Keysight. Option 3 raised by Qualcomm bring back the discussion to more complex scenario. Option 3 is not practical and feasible in our view. We would like to focus on Option 2.
Vivo: we also find it by our simulation. Even if we use the new TE positioner, we cannot search all the positions. UE requiremetns should be defined based on UE declaration of combined AoA and orientation.
LGE: depending on the UE orientation, people may have different requirements. The test time would be extended. We need consider test time. Our preference is Option 2. RAN4 needs to define requirements based on UE declaration. 
Qualcomm: To Samsung, we will not consider degradation of freedom. I do not see the reference to previous agreement precludes the proposals. To vivo, if applying one AoA there is no bias in the system. To R&S, is it something they dislike or something which cannot be done? For blockage, it is a big topic. We addressed it in SI. To LGE, for test time, we addressed it in SI. It is not clean.
Keysight: I have never explicitly said that any system with full freedom should be precluded. Qualcomm proposal mimics the different way to get the full freedom. Test time we are not looking at the moving bias. From practice, the test time may increase by 3x. 
R&S: To Qualcomm, our comment is mainly to update the existing system considering the new concept. We think it is not really doable. 
Qualcomm: it appears that we are keen on solving the issue without bias. We can continue.
Samsung: to Qualcomm, we think in WI there was agreement that testability issue needs be considered. In SI, it was concluded that system with full freedom is not feasible.


UE RF requirement metric
Motivation: The UE RF requirement metric for the 2TRP DL feature is a probability to support the feature. This is aligned with legacy practice where ‘coverage fraction’ is the probability that a randomly selected direction is ‘in coverage’ (R4-2304603)
Equation for metric
Proposals:
· Option 1: (R4-2304603) The result at each test point is constructed based on all AoA pairs containing that test point. Overall result (probability to support 2TRP DL) is by averaging regional results.



· [image: Chart, line chart

Description automatically generated]Option 2: (R4-2305750) The result is averaged over all tested AoA pairs. Weighting is products of the area weights for both AoAs in the pair (AW = ) and the average is further normalized by the sum of the weights (see figure to the right) used in the integration. Expression below is shown for + and – AoA offset ‘c’.





	Company
	Comments

	vivo
	We support option 1, and following the option 1, the sinθ weight can be easily reused. In our view, the probability of option 1 here also has clear physical meaning: the probability of UE can support receiving signal from 2AoA over all test point. As for the option 2,  can be deduced from the theory, but due to the constraint of TE, we can only test part of AoA pairs and the sum of weight is not equal to 1.

	Keysight
	The other option considered previously is based on simply counting the number of pass/fail verdicts. Comment regarding Option 2: the Clenshaw-Curtis weights should be considered as preferred option. 

	Sony
	All Options have the pros and cons. 
· The option 1 is simpler mathematic wise, but the physical meaning of the results need to be carefully checked since the results are only weighted on AoA1 but not AoA2. Therefore, at least this is not the probability that UE can connect to two TRPs over a sphere. 
· The option 2 in our view is the proper way to weight the results for each AoA Pair since both AoAs are weighted, to obtain the probability that UE can connect to two TRPs simultaneously. However, the total weight will vary depends on the offset. Therefore, the feasibility of option 2 needs to be studied. 
· We would also like to clarify that the F function is simply a pass/fail condition, and it is same for option 1 and option 2
· The option that no weight at all can be studied but we think this may even further bias results especially on the poles for constant step size grid.
It is our understanding that regardless option 1 or option 2 to go, the Clenshaw-Curtis weights can always be applied. 

	Ericsson
	Option 2. 


	Nokia
	Option 1 seems ok. But we need FFS.

	Qualcomm
	Option 1 and 2 calculate different quantities, but our view of each is different from Sony’s comparison of the same. 
Neither option is the correct overall probability to support 2TRP DL, because neither enjoys evaluation over the whole N2 space. Both are modified from the ideal formulation in some way to account for the significant pruning of the evaluation space due to TE constraints. 
The key to choosing which option is better is to understand what decisions have been taken to compensate for the loss of AoA pairs from the ideal N2 formulation and how it manifests, rather than to assign the need for some special scrutiny to only one of the options.

	
	Option1 
	Option 2

	Weighting applied in case of full N2 grid
	Sin2 weighting
	Sin2 weighting

	Compensation when not all AoA pairs are available to test
	Weights can be adjusted because of decoupled 2-stage approach
	No compensation, same weights as N2 case reused regardless of reduction in number of AoA pairs

	Artificial normalization required?
	No, if weights are chosen as area weights depending on number and location of AoA pairs associated with each point.
	Yes

	sum of weights
	If chosen per above, sum of weights =1 for each stage.
	Varies for no physical reason as a function of AoA separation

	Future musing: 
Is formulation general: Can it be extended to AoA pairs not along meridians?
	Yes, absorbed into detail of how to calculate regional probability. 
	New derivation with new results required for a different AoA pair set.



Option1 weights both TRPs by sine or CC but only for a full N2 search. If the list is less than the full N2 pairs as is the case for this WI, option 1 gives you many options on how to compensate. Option2 on the other hand continues to use the same sin2 weights associated with the full N2 search. We believe this step can introduce the main error in option 2.  In our specific case, if the grid has 200 points, the general formulation will have 200 AoA pairs to combine at each grid point. With the TE constraint, we now only use 2 of those 200 to estimate the regional probability. Would one use the weights derived for the 200-point case or derive new weights for sampling the sphere only at 2 points (i.e 2 AoA pairs)? This weight compensation due to severe under-sampling is why it looks like ‘only one of the TRPs is sine weighted’ in option 1.
Another check of correctness of the methods is if the weights sum to 1 over the domain of summation. If they do not, the weighting is incorrect. In option 1, the weights used for regional probability always sum to 1 because area weights for the correct number of sample points (number of AoA pairs at each point) are used.  In option 2, the weights do not sum to 1:

Moreover, we cannot think of a physical reason why the weights should be higher at some AoA separation and lower at others.
[image: Chart, line chart

Description automatically generated]The denominator is added after the fact as compensation to make the weights sum to one, but this does not come about naturally from the mathematics. 
These problems with option 2 in the end manifest as problems in how the performance of the UE is quantified:

[image: ]We had previously investigated this method (option 2) but decided against proposing when we realized it can give rise to non-intuitive results that differ from the overall trends derived from a bias-less evaluation like the one described in 1.2.2, option 3. In the second figure, we considered a UE with modules pointed in both the polar directions of the UE centric grid (modules on opposite faces). Note the inflexion of the trend for method 3 which uses option 2 weighting:



On KS option: Based on current discussion on which AoA separations to test (1.2.5), we may not want to mix results across multiple AoA separations.



Keysight: In WID, we are talking about distribution. We need consider option 3. Option 3 is just to count the pass or fail. We need focus on Clenshaw-Curtis.
Sony: Option 2 is more proper way. The downside is that we cannot get total weights. We are open to Clenshar-Curtis if we need more refined test results.
Samsung: We do not support both Options. Due to constraints, we can only measure part of pair. We are open to Option 3. But we do not need to limit to one weighting.
Qualcomm: this is not depending. We support Option 1 just because it is lined up with the previous agreements. When you use weights to average the set, the weights have to present something. How to weight two AoA pairs? You have to use weight based on the sample size to average the data.
Vivo: support Option 1, which means we should combine the results for each test point. For option 2, sum of weight will be changed. For option 3, how can we link it to spherical coverage requirement.
Apple: both options can be further considered. For Option 1 it does not require the so-called new testing approach. It can use the existing test approach. To Sony, for the equation, the downside is that it requires calculation. It depends on different sets of AoA values. Option 1 is simpler. If we want to simplify, we can consider option 3.

On area weight type for spatial average
Proposal on area weights ‘AW’ (Y/N): For the constant-step size grids, when consider spherical coverage performance, the test points should be scaled according to the θ angle of the test points. And the proposed weights for the test point are Sine or Clenshaw-Curtis Quadrature. (R4-2305616).
	Company
	Comments

	Murata
	We support proposal (Y)

	vivo
	Depend on the conclusion of 1.2.3.1. if data is combined by some method for each test point, the proposal here is ok which actually is same as what we already used in legacy spherical coverage. If not, new weight method for 2AoA case needs to be discussed.

	Huawei
	Support.

	LGE
	We support the proposal. 
The θ angle of the test points depends on the DUT orientations. So, RAN4 needs further check the impact of DUT orientation with the scale. 

	Keysight
	Support but suggest considering Clenshaw-Curtis weights as preferred option

	Apple
	We are OK to use weighting, and also agree that it depends on the outcome of 1.2.3.1.

	Samsung
	Generally okay with the proposal, but regarding selection between sine and Clenshaw-Curtis Quadrature, we should select the worst one for requirement derivation.

	Sony
	We think this is depends on issue 1.2.3.1. 
Also, we think Clenshaw-Curtis can be used regardless of if it is sin or sin*sin, it is a more accurate way to describe the unit cell on the sphere surface. 

	Ericsson
	We are open to using either (sine used in R4-2305750)

	Qualcomm
	This discussion is orthogonal to the metric formula, it is about how to area-weight results that are collected on a lat-long grid. Either is fine, and we can leave it up to legacy agreements (Rel-16 timeframe) for the same.

	OPPO
	Support the proposal as the proponent. We are open to further discuss to choose sine or Clenshaw-Curtis as appropriate weighted method.

	Nokia
	We can support or Clenshaw-Curtis Quadrature.




Data combining method
Motivation: RAN4 shall decide how to weight the test results based on reasonable physical and mathematical meaning (R4-2305750). The Pass/Fail results of each test point is constructed based on all AoA pairs containing that test point (R4-2305098).

Proposals if Option 1 is pursed in 1.2.3:
· Option 1: Conclude that OR combining is used when the test point is tested more than once (R4-2305098).
· Option 2: …. it is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points (R4-2305750) 
· Option 3: Other
	Company
	Comments

	vivo
	Option 1, which is easier for data post -proceeding. Actually, in our view no matter ±offset or different UE orientation is essentially the same, they reflect the ability to receive signals from AoA pairs in different directions for a given test point:


When we combine the data for each test point logically, the result show that whether this test point could possible support receiving signals from 2 AoAs under different verified directions, so we don’t think it is necessary to treat +offset and -offset as different test point.

	Huawei
	Option 1.

	Keysight
	Should be deferred until decision of counting of pass/fail verdicts vs probability contributions is made, e.g., early pass should be considered if counting of pass/fail verdicts are considered

	Apple
	We prefer Option 1, and are also open to other reasonable and meaningful options.

	Samsung
	Prefer option 1. To some extent, we consider it is an averaged performance under test constraints, as only AoA+ and AoA- two beam pairs’ results are considered at each test point.

	Sony
	We support option 2, and we don’t see the motivation of logic combination (or /and) the data. 
· From complexity wise, the total number test data would be the same as option 1 and option 2, and option 1 is even more complicated as additional logical combination needs to be performed. 
· More importantly, a “or” combination will hide the failed test point if their counterpart can pass the test. 
With the motivation explain above, we don’t support any logic combination to be performed. 

	Ericsson
	Option 2: we prefer not to use any logical combinations since that would hide passed or failed test points, particularly in view of the restrictions of the test setup and a possible vendor declaration of a (single) preferred starting position of the rotation (P0). 


	Qualcomm
	We propose to down select after more mature results are available for both. No need to down select yet. 

	OPPO
	We prefer Option 1.

	Nokia 
	Option 2, logic combination will artificially remove some results which cause not accurate results.



Proposals if Option 2 is pursed in 1.2.3:
· Option 1: Weighting is products of the area weights for both AoAs in the pair and the average is further normalized by the sum of the weights used in the integration (R4-2305750) 
· Option 2: For FR2 multi-Rx testing not based on counting pass/fail verdict but based on probability contributions instead, apply a theta-dependent correction, i.e., scale the PDF probability contribution for each combination of AoA1&AoA2 by sin(AoA1)*sin(AoA2) or the normalized Clenshaw-Curtis weights W(AoA1)/W(90°)*W(AoA2)/W(90°) (R4-2305788)
· Option 3: Other
	Company
	Comments

	Sony
	This is still depending on issue 1.2.3.1 in our understanding. 

	Ericsson
	Option 1 or Option 2 (that includes Option 1)

	Qualcomm
	We think the weighting methods are objectively correct only when the integration covers all possible N2 pairs. When some AoA pairs are dropped due to say, TE constraints, there is no mathematical justification to continue using the sin2 weights. There are some pitfalls of using this choice as illustrated in our comments to 1.2.3.1, in addition to mathematical concerns also discussed there.

	Nokia
	FFS. 


AoA separation(s) for specifying the requirement
Motivation: Multiple proposals have been streamlined for discussion.

Proposals:
· Option 1: UE meets requirement at one AoA offset which will be declared by UE. Variants: 
· Different requirements for different AoA offsets.
· Same requirement for all AoA offsets.
· Option 1a: Different requirements for different AoA offsets.
· Option 2: UE requirement is specified on performance over multiple AoA offsets. Variants:
· Average value across pool of AoA offsets after discarding unreasonable AoA separation values.
· Worst case value across pool of AoA offsets after discarding unreasonable AoA separation values.
· Option 3: UE meets the requirement at two AOA offsets. One is selected from {30o, 60o, 90o } and another is selected from {120o, 150o, 180o }:
· FFS if same requirements should be applied to both test offsets.
· FFS if AoA offsets are by UE declaration or by specification.
· Option 3a: FFS if AoA offsets is decided by UE declaration of by specification.

Discussion points: 
· Option 1a: Different requirements for different AoA offsets.
· Option 3a: FFS if AoA offsets is decided by UE declaration or by specification.


	Company
	Comments

	Murata
	We prefer option 1 because of test time reduction. However, we understand that it is difficult limiting AoA offset, so we can also support option 2.

	vivo
	Option 1, according to our simulation results, it is possible to define a single value as requirement for all AoA separation if the verification is based on UE declaration. It is hard to define value for each AoA separation, because even for same AoA separation, the UE performance is various under different UE implementation, UE orientation, etc.

	Huawei
	Option 1 and same requirement for all AoA offsets can be considered for specification simplicity.

	LGE
	Support Option 3.  
Option 1 cannot guarantee other AOA offset requirement.  
Option 2 can make test time increase. 
Option 3 can guarantee at least both small AOA offset and large AOA offset requirements with reasonable test time. 

	ZTE
	We support Option 2 and further decision among the 2 alternatives can be further discussed

	Sony
	It is clear that only one AoA cannot guarantee the UE performance in the field as the AoA separation can varies significantly in real life, and we have earlier agreement that the AoA offset should consider the deployment scenarios. Therefore, we need at least two AoA offsets should be tested in order to indicate an overall UE performance to the network. 
In addition, we don’t think the AoA offset should depends on the UE declaration. We are defining the minimum requirement which supposed to create a benchmark performance for UEs in the market. With the UE declaration, it is impossible to compare the judge the UE performance in real life from the RF test.  
Therefore, we proposed to test with 60 degree and 150 degree with consideration of the testability as well. However, we admit that the performance is highly depends on the AoA offset, and therefore, we proposed to consider set different requirement for different AoA offsets. E.g., x% for 60 degree and y% for 150 degree.

	Ericsson
	Option 3. 

	Nokia 
	We are OK with both option 1a and 3 also.



Samsung: support Option1. It would be obvious that different separation leads to different requirements. To address the implementation agnostic, the only way out is to depend on UE declaration. 
Apple: we prefer Option 1. We can consider asking UE to meet the requirements with more than one AoA set.
Sony: We should consider whether the test can verify the UE in the field. We think two AoA should be tested. We proposes to set two AoA sets and have two different requirements.
Vivo: in our understanding, if we consider UE performance in the field, we should not only consider AoA offset and we should also consider orientation. 
LGE: Some companies show the different results depending on the different offset. Option 3.
Xiaomi: based on the current simulation results, it would be difficult to find the worst case for the requirements. We support option 1 and 3.
Apple: Add more point to the field performance. It is up to UE to report.
Qualcomm: I do see the support for option 1 and option 3.
Samsung: in our view, we agree with Vivo comments. We can consider UE declaration and we can also go with further study. Option 1a needs more discussions.
Nokia: support 3a. For 1a, if we chooses five AoA sets, we define five requirements.


DL power for verification
Motivation: There is discussion on DL power in multiple contributions. Discussion is streamlined somewhat, and companies may want to consider this proposal as guideline:
The required fixed DL received power level for the qualified test points over the whole sphere needs to be specified agnostically from the antenna module combination type. In other words, the maximum value between the antenna module combination type can be considered for the requirement. So: Consider the maximum fixed DL received power level between the antenna module combination type if defined. (R4-2304608).

Proposals:
· Option 1: One DL power is higher that legacy spherical coverage requirement: 
· Use different DL power levels for the two AoAs. One of the DL power levels should be equal to or close to the legacy spherical coverage EIS requirement level. ∆R2TRP needs to be defined for the second DL direction for small AoA separation (<90 degree) and for large AoA separation (≥90 degree) the effect of inter-beam interference is negligible, ∆R2TRP need not be defined. (R4-2304121).
· Option 2: Both DL powers are higher that legacy spherical coverage requirement: 
· The relaxation definition for 2AoAs should include both of the relaxation of the fixed DL power level based on the peak EIS of legacy RX and the relaxation of coverage fraction to count the qualified test point. (R4-2305071) 
· consider an additional relaxation factor due to DL polarization scheme change compared with legacy scheme (R4-2304824).
· Option 3: Both DL powers are same as the legacy spherical coverage requirement: 
· Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power to set the core requirement, and then derive the minimum coverage percentile requirement for multi-Rx chain DL reception accordingly. (R4-2305750)
· Option 4: Other
	Company
	Comments

	Murata
	We prefer option 1 and 2 to make the influence of thermal noise smaller.
However, we wonder is this feasible from the viewpoint from carrier. If this is not feasible, we can support option 3.

	vivo
	Option 4, we think this issue need more evaluation. The multi-Rx UE is verified under MIMO operation and all the options above will introduce artificially power imbalance which may degradation the UE performance, and the degradation may need to be address in somewhere, e.g., requirement relxation, RMC, etc.

	Huawei
	Option 3. We understand Option 1 can be covered since it was agreed to consider gain imbalance between antenna modules.

	LGE
	Support Option 2 and Option 3. 
Option 2 can reuse same spherical coverage %-tile as legacy requirement, but different sensitivity level. 
Option 3 can reuse same spherical coverage receiver sensitivity level as legacy requirement, but different spherical coverage %-tile. 
We’re also fine to select one option from Option 2 and Option 3.

	ZTE
	We support Option 3. The corresponding coverage  percentile can be derived based on the DL power. 

	Xiaomi
	Support Option1 and Option2 considering the interaction between the beams from different panel.

	Apple
	In our understanding, the requirement parameters are DL power and pass/fail ratio/coverage probability. We can fix one and adjust the other. We can come back to this.

	Samsung
	Okay to go with option 3 as starting point, and option 2 should not be precluded depending on simulation alignment between companies and further requirement discussion

	Sony
	Option 3. In any case, the percentage value and DL power is related to each other, and we need to agree on one of them to derive the other one. Therefore, we suggest to simply take the same value as legacy single AoA spherical coverage and derive the percentile value correspondingly and we don’t see the need to further complicate the discussion here.  

	Ericsson
	Option 3 since the requirement is a functional test verifying the ability of a UE to receive a single layer from two different directions.

	Qualcomm 
	Option 3.
There are currently multiple parameters that impact what value would be calculated assuming one of the options in 1.2.3. It is ok to fix this parameter and simply determine the impact on probability to support 2TRP. If there is sensitivity to power imbalance, it will show in a reduced probability to support 2TRP. This will be automatically considered during establishing requirements. Without fixing DL power we will have too many open parameters.
We have also previously shown (R4-2300709) that using a ‘relaxation factor’ to achieve some fixed overall probability target is not a good method considering implementation diversity. There is large variation among implementations even after each has been calibrated to be marginal for EIS requirements.


	Nokia 
	Option 1





UE implementations to study for requirement derivation
Motivation: In WF R4-2303708, this was already agreed: 

It is proposed to calibrate the simulation baseline with legacy peak EIS spec and legacy spherical EIS spec

There are several proposals in this meeting that touch on the same subject:
· Consider the minimum ratio between the antenna module combination type if defined.
· More UE implementations/orientation are to be simulated/investigated, and the final requirement should accommodate different UE implementations.
· various possible panel placement and UE orientation should be considered in simulation, and practical radiation pattern than ideal pattern is encouraged.


Proposal: Establish reasonable guidelines for UEs that do not align with the WF agreement above.


	Company
	Comments

	Murata
	We support proposal

	vivo
	We support retain previous agreement. We understand the intention but it is not possible to exhaust all UE implementation details. The previous agreement means any UE satisfy the legacy requirement can be used for multi-Rx requirement evaluation, which is enough in our view. 

	Huawei
	The calibration, also the consideration of more different UE implementations, have already been agreed in last meeting. 

	LGE
	We support the proposal. 
Based on the guidelines, how to specify the requirement(s) after further discussion on simulation results by considering the different panel performance gain/panel placement/UE orientation should be discussed.

	ZTE
	We support this proposal.

	Xiaomi
	support this proposal

	Apple
	We are curious about how to calibrate the simulation baseline with both legacy peak EIS spec and legacy spherical EIS spec. Would appreciate more details.

	Samsung
	We agree with the agreement achieved in last meeting “It is proposed to calibrate the simulation baseline with legacy peak EIS spec and legacy spherical EIS spec”. And we also support the proposals listed above to this meetings, as different UE implementations/orientation will results in different simulation results even the simulation is calibrated to legacy peak EIS and legacy spherical EIS.
Especially, it is important to adopt the antenna pattern from electromagnetic simulation rather than ideal antenna pattern. 
To Apple, I would like to share more details on how to do such calibration. In our simulation, we do a scaling to the antenna gain pattern so that we have 10.9dB gain drop between peak and spherical. It seems different companies using different methods to do such calibration, it is encouraged to align simulation in issue 1.2.11.

	Sony
	We think calibrate with the peak EIS is reasonable, but the spherical coverage might be tricky. The legacy spherical coverage requirement also considering the single panel implementation which is not really the intention behind this WI. Therefore, force a UE with two panels to “downgrade” to just meet the legacy spherical coverage requirement needs a lot of artificial manipulation on the simulation model which is not reasonable in our view. 

	Ericsson
	Encourage simulations with UE equipped with two panels (sub-arrays) at different locations and with practical radiation patterns/antenna element configurations. The legacy EIS did not assume two panels, which should be a prerequisite for this requirement [and MIMO capability]

	Qualcomm
	It is possible to simultaneously meet both agreed calibration conditions by using the standards element beam pattern which has knobs to adjust directivity. The process would be:
1. determined UE spatial coverage pattern.
2. iterate element beam half power BW on one or both modules until UE ‘standard’ spherical coverage drop is achieved (we stopped when we were within 0.5 dB of n257/n258 target of ~11 dB).
3. set the best beam direction to REFSENS condition.
If companies would like to use patterns of their usually vastly superior real life UEs, it may not be possible to hit both criteria simultaneously. In that case our proposal is to meet any one calibration condition as long as the other cal 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 cal 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 cal conditions would be to align the 50th %ile direction to the spherical coverage EIS condition.







DL polarization 
Motivation: Discussion in multiple contributions.

General understanding for requirement derivation
Proposal for Y/N:
It is assumed both polarizations supported by an antenna module are used to receive one AoA in deriving the RF requirement, in order to make sure the UE can support 4-layer DL MIMO (R4-2304130).

	Company
	Comments

	Murata
	We support proposal (Y)

	vivo
	Considering in the last meeting we already agreed that worst case (same polarization) is used to derive the RF requirement, do we still need agree on this proposal?

	Huawei
	Support.

	ZTE
	We support this proposal.

	Xiaomi
	Support this proposal

	Apple
	We support it. To vivo, my understanding of the agreement at the last meeting was to decide how to simulate the interference. Whether the requirement, say SINR of each AoA, is based on one polarization or two is undecided.

	Samsung
	Support. Actually this has already been agreed in 1st meeting of this WI, i.e., diversity RX for each AoA while different layer between AoAs.

	Sony
	General fine with this proposal, but similar understanding with Samsung that we have similar agreement already at very beginning of the WI. 

	Ericsson
	Yes

	Qualcomm
	Agree. 

Also agree with the (partial?) overlap with previous agreement. We are fine to add this as further clarification to support the Aug’22 agreement:
 ‘UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.’

	OPPO
	Support the proposal

	Nokia
	We prefer to keep the original agreement that we only consider the worst case, only the worse polarization should be considered.



Polarization conditions for requirement

Proposals:
· Option 1: Both and  need to be tested, and the final result should be max (, ). (R4-2305098).
· Option 2: The worst case polarization used to derive the UE RF requirement can be determined by RAN5 or all DL polarization assumptions should be considered to derive the UE RF requirement. (R4-2304797) 
· Option 3: Other
	Company
	Comments

	Murata
	We prefer option 2 from the viewpoint of test time.

	vivo
	Option 1. In our simulation, we show that the inconsistency between V-pol and H-pol exist in practice UE design, which means the V-V and H-H may lead to different UE performance. The option1 means as long as either or  can meet the requirement, the UE can be considered as passing the test.

	Huawei
	We understand the intention of Option 1, but the TE has to align the polarization direction at each test grid with UE (with each antenna module actually) to make sure the worst case would be picked between and .

	ZTE
	Base on the agreement of last meeting that the UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs, we support Option 2. 

	Xiaomi
	considering the complexity of testing,we can keep previous agreement, support Option 2.

	Apple
	We would like to clarify Option 1. What is max (, )? In term of SINR for each polarization? How to apply “max” operation in the expression?

	Samsung
	Prefer option 2. We understand the intention of option 1, maybe it could be addressed in requirement relaxation?

	Sony
	For the core requirement, it should be applicably regardless of the DL polarization, and we have already had the agreement to use the worst DL polarization combination to derive the core requirement. 
For the test wise, we think it is sufficient to test only one combination of the DL polarizations. The only thing RAN4 needs to address is if we should have the same polarization or orthogonal polarization to be used in the test. 

	Ericsson
	Option 2 as per earlier agreement

	Qualcomm
	Option 2 is good.

For Vivo: H gain and V gain differences do not have a 1:1 mapping to theta and phi DL. A theta polarized DL may excite the h- and v-pols respectively in some ratio, and a phi pol DL may do so in a different ration. The overall signal power is an MRC version of H and V signals, so the overall gain depends on where the theta and phi polarizations fall on the ellipse defined by the different H and V gains. The angles will depend on the grid point of the DL source and the orientation of the module relative to the UE grid. These DL signals will fall at different angles on the ellipse for different grid points, so one cannot conclude what the net effect will be without doing the detailed vector analysis for each receiver.

	Nokia
	Option 3, keep previous agreement, define the requirement based on the worse polarization, and should be defined in RAN4.




Band for requirement derivation
Motivation: Requirement for 28GHz bands are prioritized. Further evaluation is needed for 39GHz bands requirements after 28GHz bands requirements are converged. (R4-2304824).

Proposals: Y/N

	Company
	Comments

	Murata
	We support proposal (Y)
Does 48GHz will be discussed with 39GHz?

	vivo
	OK with proposal.

	Huawei
	Support.

	LGE
	OK to prioritize the requirement for 28GHz bands. However, we need to have common understanding that the requirements of 39GHz bands are also in-scope in this WI. 

	ZTE
	We support this proposal.

	Xiaomi
	support this proposal

	Apple
	It is OK. At the same time, how many bands should we specify requirements for before closing the WI?

	Samsung
	Support.

	Sony
	Fine with the proposed. 

	Ericsson
	Yes

	Qualcomm
	It is convenient and preferable to support the proposal.
The rapporteur perspective is that we may need to first address Apple’s question, perhaps in the WF discussion.

	Nokia
	Leave it to RAN to decide.





Channel BW for verification
Motivation: No need to define for each CBW, only one of the CBW can be chosen for verification, e.g., 200MHz. (R4-2305098).

Proposals: Y/N

	Company
	Comments

	Murata
	We support proposal (Y)

	vivo
	We support this proposal. In our simulation, we found that the CBW have tiny impact on UE performance, so we think it is unnecessary to define the requirement and verify them one by one.

	Huawei
	We prefer to follow the existing framework of legacy EIS spherical coverage requirement.  

	LGE
	We support the proposal.

	ZTE
	We support this proposal.

	Xiaomi
	We support this proposal

	Apple
	Our understanding is RAN4 needs to define requirements for every CBW. How to reduce the verification/testing in case the UE supports multiple CBWs can be further discussed, e.g., verifying one CBW is enough.

	Samsung
	Support if single BW could be selected, it may be not easy as 100MHz may also be preferred than 200MHz.

	Sony
	More discussion and clarification are needed. The core requirement should be defined for all channel BW and for test setup, e.g., the DL power needs to be scaled based on different channel BW in our view.  However, it is okay for us to define the same requirement for all channel BW, and verification can be further discussed. 

	Ericsson
	This is a core requirement that should apply for all CHBW. Can be verified for fewer BWs for conformance.

	Qualcomm
	It seems to be common understanding that the core requirement applies to all channel BWs. It also appears if the powers scale by the BW, the first order extrapolation is that a ‘probability to support 2TRP’ requirement would remain the same. So we are ok to verify with any one supported BW, example: 100 M for deployment relevance.

	Nokia
	We should have requirement for different BW similar to the existing requirement.





Further alignment of simulation procedure
Motivation: Simulation results from companies seem quite diverged. Companies are encouraged to propose further candidates for alignment, like:
1. procedures and assumptions on how SINR is calculated 
2. how electromagnetic simulation data is used
3. simulation steps details and so on.


	Company
	Comments

	vivo
	We can share our simulation procedure to set the ball rolling, and any comments are welcome.
(1) Do electromagnetic simulation in CST (or other EM simulation software), and extract the antenna gain information for each beam on each test point. In our simulation, each module can generate 14 beams (7V-pol&7H-pol) and the constant step is 15°. It is noted that the results need to be calibrated to ensure that both peak and spherical coverage should match the current spec.
(2) Loop each AoA pair that generated by the method agreed in last meeting, complementary scan (± offset) is also used.
a) For each AoA pair, beam selection is based on maximizing the RSRP, which is aligned with the RAN1 TCI-state reporting
b) For each AoA pair, same polarization is used. Both V-V and H-H will be simulated independently.
(3) Calculate the SINR for each test point:
SINR = P_signal – (-174 +10*log10(CBW) +NF) – P_interf 
Where the P_signal is calculated based on fixed DL power and Rx beam gain, the P_interf is the calculated based on fixed DL power and Rx interference beam gain, the antenna gains are from step (1). CBW that used in our simulation is 200 MHz and NF = 10
(4) If the SINR >-1, then this point is marked as PASS otherwise FAILED. Use “OR combining” to process each point if the test point is verified more than once, then calculate the N% by using sinθ weight.
a) H-H and V-V may have different N%, the final results = max (V-V, H-H)
(5) Change UE orientation, repeat step (1) – step (4)

	Samsung
	We think it is important to align simulation results since we can observe different trend from different companies.
In our simulation, the per-beam pattern is obtained from electromagnetic simulation. Electromagnetic simulation or measurement is always the practice to derive radiation requirements even in previous releases, as we can observed from contributions to this meeting, most companies’ simulation data is obtained from EM simulation, we would suggest to adopt EM simulation to get antenna gain data before running 2AoA spherical coverage calculation.
The constant step size is 2° in our simulation. In our understanding the core requirements should use fine grids while for testing coarser grid like 15° could be adopted where test tolerance will address it.
SINR is calculated considering both noise and interference into account in our simulation.

In order to align simulation, we would like to suggest following simulation steps in WF
i. for one UE implementation
1. for one UE orientation
a) run EM simulation to obtain per-beam antenna gain patterns
i. constant step size is suggested <= 5°
b) normalize antenna gain to align with the legacy 10.9dB gain drop
c) for one angular separation
i. for one test grid point in 3D scan
1. calculate SINR of AoA+ and AoA- respectively
a)  if SINR>=-1, PASS; 
b) otherwise, FAIL
2. OR combining the results of AoA+ and AoA-
3. add weighting 
ii. repeat for other test grip point
iii. calculate the spherical coverage percentage
d) repeat for other angular separation
2. repeat for other UE orientation
ii. repeat for other UE implementation

	Sony
	We think the important thing is to algin the weight method and how to combine the data from +AoA and -AoA. 

	Qualcomm
	Thank you vivo and Samsung for sharing – there is close alignment over most steps with our method. Our mechanics and algorithm closely mirror the Samsung list above, and SINR calculation closely mirrors the vivo method. We however have kept OR and mean combining alive to be de down selected later. We use the standards element for its adjustability.

Some comments to consider (or challenge:)
To vivo: We agree with the SINR methodology but need clarification on your HH and VV method. In the general case, theta-theta would not map directly to either of HH or VV, and of course neither would phi-phi. The apple proposal helps clarify: ‘It is assumed both polarizations supported by an antenna module are used to receive one AoA in deriving the RF requirement, in order to make sure the UE can support 4-layer DL MIMO’. i.e. you would need to determine the vector projection of each DL onto the H and V receivers of each module, then MRC the signals streams to get the net conducted domain DL power. These values would change for different grid points.






Companies views’ collection for 1st round 
Open issues 
(Captured in the previous section).

CRs/TPs comments collection
(none)
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	1.2.1
	1.2.1.1-Requirement concept
Tentative agreement: (from GTW session) Confirm the baseline requirement concept (e.g. go or no-go) as the agreed requirement concept
Recommendations for 2nd round: Capture in WF
1.2.1.2-UE capability
Tentative agreements: None
Candidate options: None
Recommendations for 2nd round: No further discussion necessary in this meeting

	1.2.2
	Data bias in agreed TE assumptions
Tentative agreements: 
1. A TE system that uses a legacy positioner (roll over azimuth) and sources in a plane perpendicular to the azimuth axis (‘horizontal plane’) has an inherent bias because test AoA pairs only lie along meridians of the UE centric grid. i.e. no test AoA pairs in other directions.
a. The work on the enhanced positioner, including motivation, conceptual solution, implementation aspects shall be recorded in the accompanying SI TR38.871 as record of having considered the technical aspects associated with the legacy positioner.
2. To balance pragmatic considerations against the goal of removing the identified source of bias, the requirement is agreed to be framed consistent with the previous TE system agreements (legacy positioner).
3. The requirement applies for one of the FFS options below:
a. one or more UE-declared orientations in the positioner or 
b. one or more standard-specified UE orientations in the positioner. 
4. FFS if UE orientation is packaged with an AoA separation angle pair.


Recommendations for 2nd round: Refine and capture in WF.
 

	1.2.3
	1.2.3.1 - Equation of Metric
Tentative agreement: none
Recommendations for 2nd round: Continue discussion in WF.

	
	1.2.3.2 - On area weight type for spatial average 
Tentative agreements: Either sine or Clenshaw-Curtis weights is ok to use for summing or averaging data collected on a lat-long grid. 
Recommendations for 2nd round:  Discuss in WF: Whether down-selection is required and where this would be applied (official test method?, simulation?)

	1.2.4
	Data combining method
Tentative agreements: none
Recommendations for 2nd round:  No further discussion necessary in this meeting (focus on metric equation)

	1.2.5
	AoA separation(s) for specifying the requirement
Tentative agreements: none
Recommendations for 2nd round:  Down-select options in WF discussion. Proposed short list considering test time concerns:
Note: AoA offset is equivalent to source separation angle in TE.
1. UE meets requirement at one AoA offset which will be declared by UE.  Requirement can be different for different AoA offsets.
2. UE meets the requirement at two AoA offsets. One is selected from {30⁰, 60⁰, 90⁰ } and another is selected from {120⁰, 150⁰, 180⁰ }.   Requirement can be different for different AoA offsets. FFS if AoA offsets are by UE declaration or by specification.

	1.2.6
	DL power for verification
Tentative agreements:  Both DL powers are same as the legacy spherical coverage EIS requirement. 
Justification for proposal:
1. UE impairments due to power imbalance will be reflected in lower simulated values for the probability to support 2TRP DL.
2. Requirement is based on simulated values, so requirement will accommodate this and other UE impairment mechanisms.
Recommendations for 2nd round:  Refine in WF discussion.

	1.2.7
	UE implementations to study for requirement derivation
Tentative agreement: none
Recommendations for 2nd round: Continue discussion in WF.

	1.2.8
	1.2.8.1 – DL polarization: General understanding for requirement derivation
Tentative agreement: none

Recommendations for 2nd round: Discuss in WF if previous agreements from 104-e  are enough:
‘To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE. UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions’

i.e. Is there any new and unique information that can be captured from:

It is assumed both polarizations supported by an antenna module are used to receive one AoA in deriving the RF requirement, to make sure the UE can support 4-layer DL MIMO


	
	1.2.8.2 – DL Polarization conditions for requirement
Tentative agreement: none
Recommendations for 2nd round: Continue discussion in WF.

	1.2.9
	Band for requirement derivation
Tentative agreement: none

Recommendations for 2nd round: Resolve answer in WF discussion to: ‘ how many bands should we specify requirements for before closing the WI?’.

	1.2.10
	Channel BW for verification
Tentative agreements:  The requirement applies to all supported channel bandwidths, using precedent of legacy spherical coverage requirements. Verification condition can be further discussed in the future. 
Recommendations for 2nd round:  Discuss in WF discussion.

	1.2.11
	Further alignment of simulation procedure 
Tentative agreements: none 
Recommendations for 2nd round:  continue discussion to solicit views from other companies that have simulated results





CRs/TPs
none
Discussion on 2nd round (if applicable)
All discussion moved to WF. WF discussion will be captured here and removed from final version of WF.



Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on FR2-1 UERF requirements for FR2 multi-Rx
	vivo
	

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2304121
	
	Proposal on UE RF requirements for FR2-1 multi-Rx chain DL reception
	Nokia, Nokia Shanghai Bell
	noted
	

	R4-2304130
	
	RF requirement for NR FR2 multi-Rx chain DL reception
	Apple
	noted
	

	R4-2304603
	
	On UE RF requirements for 2AoA FR2 DL MIMO
	Qualcomm Incorporated
	noted
	

	R4-2304608
	
	Discussion on UE RF requirements for simultaneous DL reception 
	LG Electronics
	noted
	

	R4-2304797
	
	Discussion on UE RF requirements for simultaneous DL reception
	ZTE Corporation
	noted
	

	R4-2304824
	
	FR2 Multi-RX 2AoA spherical coverage simulation and requirements
	Samsung
	noted
	

	R4-2305071
	
	Discussion on UE RF requirements supporting simultaneous DL reception
	Xiaomi
	noted
	

	R4-2305098
	
	Further evaluation on multi-Rx DL reception
	vivo
	noted
	

	R4-2305599
	
	On UE RF requirement for FR2 multi-Rx chain DL reception
	Huawei, HiSilicon
	noted
	

	R4-2305616
	
	On the RF requirement of multi DL reception
	OPPO
	noted
	

	R4-2305750
	
	Further views on multi-Rx chain DL reception in FR2
	Sony, Ericsson
	noted
	

	R4-2305788
	
	On UE RF Requirements for Multi-AoA Rx Testing
	Keysight Technologies UK Ltd
	noted
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents


Choose some spherical grid


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


Calculate spatial average of constrained regional probabilities
(Constrained Overall Probability to support 2TRP DL)
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Reproduced from Figure 2.3.3.2-1: Bias from using a legacy 2-axis positioner.
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‘ Figure 2.4-3: Bias removal using a 3-axis positioner. ‘
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