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Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311285
	Qualcomm Incorporated
	Proposal 1: Choose arithmetic mean for the combining method, due to stronger mathematical consistency with the general formulation (idealized N2 search).  
Observation 1: The general formulation metric when evaluated over an idealized N2 search is between 10 % and 15 %.
Observation 2: If a UE is specified over multiple AoA separations, either the requirement would be watered down to accommodate all 2-module UEs, or the requirement would implicitly force more modules. 

Proposal 2: The UE RF requirement is specified at the UE’s declared preferred AoA offset. 

Proposal 3: RAN4 to explicitly record whether the requirement applies over ETC or not.
Observation 3: UE performance projections in multiple orientations would help identify best orientation and the expected UE performance in that orientation. The latter would be used in the averaging process. 

	R4-2311332
	Apple
	Proposal 1: 	It is proposed to have a clear agreement on calibration method before considering the results and defining the final requirement.
Proposal 2: 	The two methods will lead to different UE requirements for the same UE implementation while having no impact on UE real performance. The “combining method” is slightly preferred.
Proposal 3: 	It is up to UE to declare one fixed AoA offset it supports in meeting the core requirement, i.e., Option 3.
Proposal 4: RAN4 selects Option 1 to define requirement. (Option 1: Define separate requirements for different pre-defined AoA offsets)
Proposal 5: RAN4 further discusses what additional RF impairments/implementation constraints are to be considered in defining the final RF requirement. 
Proposal 6: The two-AoA spherical coverage requirements are verified only under normal thermal conditions. 

	R4-2311430
	Murata Manufacturing Co Ltd.
	Observation 1:	The difference of coverage between sinϴ.ϴ weights and Clenshaw-Curtis weights is smaller than 0.1%.
Observation 2:	There are 7 major coverage patterns when we implement 2 panels with rotating 90 degrees.
Observation 3:	In the same implementation, coverage value is changed dramatically by UE orientation.
Proposal 1:	Use the best UE orientation to discuss multi-Rx coverage.
Observation 4:	There are less coverage difference among AoA offsets using OR combining than using arithmetic mean combining.
Proposal 2:	Use OR combining in multi-Rx specification.
Observation 5:	In selecting 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, there is a little difference in required coverage in our assumption from 31.17 to 34.78%.
Proposal 3:	The coverage specification is 30% with margin in selecting 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.
Observation 6:	Checking both small AoA offset and large AoA offset may limit some implementation.
(ex. Implementing 2 antenna panels in parallel and check large AoA offset.)
Proposal 4:	UE declares 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} in measurement.
Observation 7:	Coverage become larger than 50% by using DL power = -71.4 dBm (Spherical coverage) with 7.66 dB gain drop antenna panel.
Proposal 5:	Use 50%-tile CDF value for DL power for discussion, to keep 50% spherical coverage at legacy device.
Proposal 6:	DL power should be the same with spherical coverage of legacy UE in specification.

	R4-2311870
	ZTE Corporation
	Proposal 1: During the test, 2 AoA offsets should be selected and 2 AoA offsets specified in the standard are slightly preferred.
Proposal 2: RAN4 should define separate RF requirement for different AoA offsets and UE passes the UE RF requirement when the UE meet all the RF requirement for different AoA offset. 

	R4-2312268
	LG Electronics
	Proposal 1: Define the pass ratio requirement based on OR combining.
Proposal 2: Consider Table 2.2 as the pass ratio requirement for simultaneous DL reception.
· Table 2.2: Pass ratio 
	AoA Offset (Degree)
	Pass Ratio (%)

	30
	50

	60
	30

	90
	30

	120
	30

	150
	30

	180
	30



Proposal 3: Consider Option 1 to reduce test time. (Option 1: UE vendors declare 2 AoA offsets for meeting requirement, one from {30⁰, 60⁰, 90⁰} and one from {120⁰, 150⁰} respectively)

	R4-2312505
	Samsung
	Observation 1:	OR combing was agreed as simulation assumption in the beginning.
Observation 2:	for typical “side + back” two modules implementation, the simulated 2AoA spherical coverage percentage is only 15% in best case (best UE orientation at best angular separation).
Observation 3:	OR combing shows similar performance between 150° and 180° angular separation, but Average combing shows big performance gap between 150° and 180° angular separation.
[bookmark: _Hlk142916921]Proposal 1:	the adopted data combing method should show similar performance between 150° and 180° angular separation given 180° angular separation is not testable.
Proposal 2:	adopt OR combing for the results of AoA+ and AoA-.
Proposal 3:	the 2AoA requirements applies to UE declared AoA offset.
Proposal 4:	specify the same requirement value for each AoA offset within the pool {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.
Proposal 5:	100MHz CBW shall be chosen as the single CBW for Multi-Rx requirements verification.
Proposal 6:	2AoA spherical coverage requirements shall apply the same temperature condition as that of legacy 1AoA spherical coverage.
[bookmark: _Hlk142981807]Proposal 7:	Sending LS to RAN5 regarding test BW and temperature as provided in Annex.

	R4-2312578
	vivo
	Observation 1: Under 180° offset, the P/F status for +AoA offset and -AoA offset will be same since the antenna probes’ locations are unchanged, which means the final probability of OR combining and arithmetic mean also will be exactly same. 
Observation 2: Even with OR combing, the UE performance at 150° cannot guarantee that UE can satisfy the requirement under 180°.
Observation 3: There is only tiny performance degradation (<0.5%) under the best UE orientation if the blockage regions are not counted. 
Observation 4: The overall probability difference between AoA separations is not significant if different UE implementations need to be considered.
Observation 5: If single value is defined for all AoA separation to accommodate different UE implementations, the UE should pass the test under any AoA separation and the AoA separation declaration is not needed. 
Proposal 1: Take the arithmetic mean as the combining method.
Proposal 2: Further discuss the following options on how to treat 180° AoA separation:
· Option 1: No need to consider this case and the requirement will be constructed based on 30°~150° cases only. 
· Option 2: The 180° case can be verified only within the region where no blockage issue.

Proposal 3: Single value is defined as the requirement for all AoA separation.
Proposal 4: The multi-Rx requirement is also only verified under normal temperature condition.

	R4-2312917
	OPPO
	Proposal 1: Considering different antenna module implementations provide quite different 2 AoA simultaneous reception performance, it is proposed that the RF requirement is derived based on minimum of every implementation in order to leave flexibility to UE implementation.
Proposal 2: Different RF requirements should be specified with small AoA separations (30 degree, 60 degree, 90 degree) and big AoA separations (120 degree, 150 degree).

	R4-2312918
	OPPO
	Proposal 1: Only test AoA+ pair at each test point on the sphere.
Proposal 2: The requirement metric of 2-AoA reception will be updated consequently. “For a specific angular separation between 2 TRPs and a specific UE orientation under standardized DL power level which is equal between 2 TRPs, the result at each test point is based on AoA+ pair. Overall result (probability to support 2TRP DL) is by averaging regional results.”

	R4-2313095
	Huawei, HiSilicon
	Proposal 1: Adopt the “OR combining” for the 2 AoA simultaneous reception spherical coverage requirement’s metric computation. 
Proposal 2: Adopt one of the below definitions for the 2 AoA simultaneous reception spherical coverage requirement.
· Alt. 1: UE declares one AoA offset within the group {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} for meeting the requirement and only one ratio [25%] is shared for all AoA offsets.   
· Alt. 2: UE declares one AoA offset within the group {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} for meeting the requirement and define [15%] for {30⁰, 60⁰, 90⁰} and [35%] for {120⁰, 150⁰}, respectively.
Proposal 3: Adopt NTC for the 2AoA spherical coverage requirements verification.

	R4-2313198
	Sony, Ericsson
	Observation 1: Considering deployment scenarios, a multi-panel UE needs to cope with various AoA offsets due to the relative location of UE and TRPs and the possible reflection in the wireless propagation channel.
Observation 2: The core requirement shall ensure a common minimum performance that all UEs need to meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs.
Observation 3: 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 4: No exception of ETC has been specified for single Rx sensitivity test. 
Observation 5: The  weight factor represents a double surface integral (assume N points for each AoA) by reducing the number of AoA2 associated with each AoA1 to be only two points due to the constrain of fixed AoA offset on theta plane.
Observation 6: It is not feasible to perform calibration on both peak and spherical coverage levels since the Rel-15 requirement also considers the single panel implementation and the impact due to different panel implementations cannot be shown. 
Observation 7: In the interference limited scenarios, the coverage percentage always goes up with a larger AoA offset. However, the results may look different if it is a gain limited scenario. 
Observation 8: The coverage performance highly depends on AoA offset and UE panel placement, but different UE implementations show similar performances for small AoA offset.
Observation 9: 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.  
Observation 10: It is feasible to set the core requirement at 60 degree and 150 degree. 
Proposal 1: Two AoAs (one below 90 degrees and one above 90 degrees) shall be tested for multi-Rx chain DL reception in FR2.
Proposal 2: The AoA offsets shall be defined in specification rather than UE declaration.
Proposal 3: 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.
Proposal 4: It is proposed not to perform any “logic combination” on the data from +offset and -offset but treat them as two test points.
Proposal 5: Keep the same test condition as for single Rx for multi-Rx reception test in FR2 unless there is a clear technical reason. (No exception of ETC has been specified for REFSENS – offline clarification)
Proposal 6:  The clear mathematical and physical explanation of evaluating the probability of multi-Rx UE under two AoA conditions shall be captured in 3GPP specification so that readers outside the RAN4 forum can well understand the final test methods.
Proposal 7:  Only perform the calibration on the peak EIS direction according to the REFSENS level. 
Proposal 8: define the core requirement as [15]% for 60 degrees AoA offset and [36]% for 150-degree AoA offset. 

	R4-2313418
	MediaTek (Shenzhen) Inc.
	Observation 1: We provide our 2 AoAs simulation results.

Proposal 1: We prefer Option 3, which introduces a single UE RF requirement for simplicity. ( Option 3: UE vendors declare 1 AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} for meeting requirement.)


	R4-2313712
	Nokia, Nokia Shanghai Bell
	Observation 1: For a fixed AoA separation and UE orientation, the test results corresponding to +AoA offset and -AoA offset will be independent.
Observation 2: By defining the requirement using either the least or average of the individual coverage probabilities in a given AoA offset set ({30⁰, 60⁰, 90⁰} or {120⁰, 150⁰, 180⁰}) will result in too relaxed passing criteria making the purpose of this test meaningless.
Observation 3: With DUT implementation having antenna panels either on the opposite or adjacent sides, the probability of passing the test for a given AoA offset varies significantly.
Proposal 1: Use arithmetic mean combining approach to determine the regional probability.  
Proposal 2: RAN4 to define the multi-Rx requirement as shown in Table 1 below. The values F30, F60, F90, F120, F150, F180 need to be agreed based on companies’ simulation results.
Table 1: Requirement for power class 3
	Requirement
	AoA Separation (degrees)
	Probability (%)

	One value chosen by UE by declaration from {30⁰, 60⁰, 90⁰}
	30
	F30

	
	60
	F60

	
	90
	F90

	One value chosen by UE by declaration from {120⁰, 150⁰, 180⁰}
	120
	F120

	
	150
	F150

	
	180
	F180












Open issues summary
(continued…)


Combining method to compute Pdirectional in metric
Background: Baseline Metric from WF R4-2306604 (106-Bis):
 For UEs required to fulfil a requirement on the probability for 2AoA reception, the metric for a given AoA separation is the spatial average:

Pdirectional(1,1)  is given by:
	Option 1 – arithmetic mean 
	

	Option 2 – OR (*)
	



	Proposed WF for discussion: 
Due to lack of clear choice from proposals, it may be useful to establish criteria to choose method. Examples: 
· Can method be meaningfully extended to the general N2 search case?
· treatment of failing AoA pairs
· metric value sensitivity 
· (others)



Discussion on what is important for a combining method:


AoA offsets for the UE RF requirement 
0. Background 
There are multiple proposals on which AoA offsets to specify, how, etc. To simplify the discussion on AoA offsets, it is broken into sub-topics:
1. How to determine requirement value for any AoA offset?
2. Requirement over 1 AoA offset or 2?
3. Specified in standard or by UE declaration?
Treatment of proposals pertaining to specific AoA offsets to choose and method to specify the requirement values over those AoA offsets can be addressed after agreements on aspects listed above.
How to determine requirement value for any AoA offset 
Motivation: 
‘Considering different antenna module implementations provide quite different 2 AoA simultaneous reception performance, it is proposed that the RF requirement is derived based on minimum of every implementation in order to leave flexibility to UE implementation’
	Proposal (Y/N): ‘The RF requirement at any AoA offset is derived based on minimum of every implementation in order to leave flexibility to UE implementation’



Discussion:


Number of AoA offsets to be specified for the UE RF requirement 
Motivation: ‘If a UE is specified over multiple AoA separations, either the requirement would be watered down to accommodate all 2-module UEs, or the requirement would implicitly force more modules.’
Proposals: The UE must satisfy the requirement for:
· Option 1: 1 AoA offset 
· Option 2: 2 AoA offsets 
Discussion:


How to specify AoA offsets for the UE RF requirement 
Proposals:
· Option 1: The standard specifies only the AoA offset range(s). The UE must declare one offset from each range  where requirements shall be met. (note: single UE-declared AoA offset for test falls in this category).
· Option 2: The standard specifies the AoA offset(s) where requirements shall be met. TBD how to select AoA offsets
Discussion:


Calibration for a ’non-standard’ UE model  
A non-standard UE model is one that cannot simultaneously meet both REFSENS and spherical coverage gain drop as implied in the standard (for example 10.9 dB for n257).
Motivation: 
‘It is proposed to have a clear agreement on calibration method before considering the results and defining the final requirement.’ 
‘Only perform the calibration on the peak EIS direction according to the REFSENS level.’
Previously, the following options were proposed for a non-standard UE but no agreement was reached:
· Option 1: Only perform the calibration on the peak EIS direction according to the Refsens level. 
· Option 2: Meet one calibration condition as long as the other is met or exceeded 
· Option 3: Only perform calibration on the spherical coverage

The options are combined below for another way to resolve this issue:

	Proposal for discussion: 
For a non-standard UE model (*):
· If the UE simulation model has less gain drop than the gain drop requirement implied in the standard, perform calibration on the peak EIS direction according to the Refsens level. 
· Else, perform calibration on the spherical coverage criterion

(*) A non-standard UE model is one that cannot simultaneously meet both REFSENS and spherical coverage gain drop as implied in the standard (for example 10.9 dB for n257).



Discussion:


Whether additional impairments must be considered after simulation model calibration 
Motivation: 
‘RAN4 further discusses what additional RF impairments/implementation constraints are to be considered in defining the final RF requirement.’

	Aspects for discussion: 
1. With at least two panels required to support two AoA reception, UE implementation impairments should be re-discussed. They may include physical limitations and constraints, such as thermal noise effects, routing losses, and panel interaction (as both are active at the same time), etc.
2. As discussed before, besides the AoA mutual interference, if there is power imbalance between AoA1 and AoA2, its impact on AGC performance of each Rx chain needs to be considered.
3. The antenna performance difference between UE’s V/H element need to be considered in requirement design, as captured in the WF R4-2310491.




Discussion:


LS to RAN5 on channel BW for verification
Motivation: 
‘100MHz CBW shall be chosen as the single CBW for Multi-Rx requirements verification’
‘Send LS to RAN5 regarding test BW’ 
	Proposed discussion: OK to send to RAN5?
3GPP RAN4 has discussed channel BW applicability of multi-RX DL requirement. RAN4 agreed that core requirement for multi-Rx will be defined for all supported channel bandwidths, and also agreed that single CBW is selected for core requirement verification. 100MHz CBW is suggested as the single CBW from RAN4 perspective.



Discussion:


LS to RAN5 on NTC-only verification 
Motivation: 
‘Send LS to RAN5 regarding …temperature’
	Proposed discussion: OK to send to RAN5?
RAN4 discussed the temperature applicability of multi-RX DL 2AoA spherical coverage requirement. Since the 2AoA spherical coverage requirement is derived based on the legacy 1AoA spherical coverage requirement, RAN4 agreed to test 2AoA spherical coverage under the same temperature condition as that of legacy 1AoA spherical coverage, i.e., normal temperature condition.



Discussion:


Requirement metric change
Motivation: 
‘Only test AoA+ pair at each test point on the sphere.’
Background: Proposal is to change the agreed metric from WF R4-2310491 (RAN4#107):
For the requirement metric for 2 AoA: For a specific angular separation between 2 TRPs and a specific UE orientation under standardized DL power level which is equal between 2 TRPs, the result at each test point is constructed based on two AoA pairs containing that test point, i.e., AoA+ pair and AoA- pair. Overall result (probability to support 2TRP DL) is by averaging regional results.

	Proposed new agreement: 
For a specific angular separation between 2 TRPs and a specific UE orientation under standardized DL power level which is equal between 2 TRPs, the result at each test point is based on AoA+ pair. Overall result (probability to support 2TRP DL) is by averaging regional results.”



Discussion:


Topic #2: CR proposals
CR wording discussion consolidated here.  
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311284
	Qualcomm Incorporated
	Feature CR for FR2 multi-Rx


	R4-2313714
	Nokia, Nokia Shanghai Bell
	Draft CR for FR2 Multi-Rx




Open issues summary
’Condtional’ vs ’Directional’ probability
Sub-topic description: The CR proposals have different wording for the quantity whose spatial average is defined as the performance metric. Options are:


· Recommended WF: Determine majority view. Qualcomm CR can be revised if necessary to go with majority view.

Discussion:





