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Agenda items : 5.7.1, 5.7.1.x. Discussion from [128] is merged here.
UE RF requirements discussion is treated in topic #1. pCRs and dCRs are treated in topic #2
Topic #1: UE RF requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315057
	Qualcomm Incorporated
	Observation 1:  There is good agreement between the calibration method for UEs constructed from realistic module data and prior calibration methods that adjust the model to be marginal to the requirement for both peak direction as well as the spherical coverage criterion.

Observation 2: If the AoA offset for meeting the requirement is specified as a hard number, the optimal result seems to be for an AoA offset of 120 degrees.

Observation 3: If a UE can fulfill the requirement at its declared AoA offset, the UE RF requirement target can be higher, ~18 % vs ~ 16% in the example.

Proposal 1: Choose arithmetic mean for the combining method, due to stronger mathematical consistency with the general formulation (idealized N2 search) from which the metric was derived. 
Proposal 2: The agreed requirement metric is normalized by dividing by the joint probability to choose 2 in-coverage directions, so the metric will mean ‘the probability that two randomly chosen in-coverage directions can support 2 AoA DL’ (example: PC1 normalizing dividing factor is 0.15*0.15, PC3 is 0.5*0.5).
Proposal 3: RAN4 to consider as the (un-normalized) requirement:
· 15.7% @ 120⁰ AoA offset in case the latter is specified in the standard, or 
· 17.8%  in case the UE is allowed to declare the AoA separation where it can meet the requirement.
Observation 4: Core requirements serve as a design goal and it is not justified for core requirements to suggest some UE RF performance aspects can degrade over temperature while most others cannot.

	R4-2315502
	Apple
	Proposal 1: 	Either the baseline calibration method or the alternative method to use in the simulation is left to companies’ discretion.
Proposal 2: 	It is proposed to not consider results of calibrating against only the legacy receiver sensitivity requirement when defining the final requirement.
Proposal 3: 	The two methods will lead to different UE requirements for the same UE implementation while having no impact on UE real performance. The (moderator edit: OR) “combining method” is slightly preferred.
Proposal 4: 	To allow maximum UE implementation flexibility, it is necessary to specify a requirement for each candidate AoA offset and allow UE to decide to meet the requirement for a declared AoA offset.
Proposal 5: 	RAN4 further discusses what additional margin should be given to small AoA offsets (i.e., 30 and 60 degrees) to account for impact on AGC performance in the presence of power imbalance between AoA1 and AoA2.
Proposal 6: 	Option 2 is OK if the RAN4 agreement to verify the requirement under NTC only is documented in TR 38.751. (Option 2: Do not use the note in the two AoA spherical coverage requirement but ask RAN5 to verify it for NTC only. Note this option was driven by the argument that the use of note for legacy requirement is not preferred as core requirement should be specified independent of how it is verified)

	R4-2315537
	LG Electronics
	Observation 1: Pass ratio of OR combining method is higher than that of arithmetic mean method.
Observation 2: The difference of Pass ratio between AOA offsets is lower in arithmetic mean method. 
Observation 3: The difference of Pass ratio between panel implementations is the lowest in AOA offset of 90o. 
For options of the requirements
· Option 1: Define a requirement for each candidate AoA offset
· Option 2: The requirement is defined for just 1 AoA offset

Proposal 1: If option 1 is considered, define the requirement for each candidate AOA offset considering the best Pass Ratio. Table 2.5 can be one example of the requirement.
Pass ratio for option 1 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	Arithmetic mean
	OR combining 

	30o
	11
	24

	60 o
	8
	18

	90 o
	12
	27

	120 o
	22
	45

	150 o
	25
	50

	180 o
	25
	50



Proposal 2: If option 2 is considered, define the requirement for just AOA offset of 90o. Table 2.6 can be one example of the requirement.
Pass ratio for option 2 
	AoA Offset (Degree)
	Pass Ratio (%)

	
	Arithmetic mean
	OR combining 

	90 o
	12
	27




	R4-2315552
	Samsung
	Observation 1:	the UE noise floor assumption is not clear for the alternative calibration.
Observation 2:	2AoA spherical coverage based on go-no-go metric is more sensitive to H&V polarization imbalance than legacy average EIS based metric, and simulation shows up to 4~9% degradation.
Observation 3:	if the requirement is defined for fixed 1 AoA offset, AoA offset 30, 60, 120, 150 and 180 are not feasible, and for 90deg the requirement would be likely around 9% for OR combining or 5% for arithmetic mean combining
Observation 4:	the simulation results are similar among narrow angles [30, 90], and also similar among wide angles [120, 180].
Proposal 1:	define a requirement for each candidate AoA offset rather than for just 1 fixed AoA offset.
Proposal 2:	the requirement spec value can be selected from the two alternatives:
· Alt 1: one spec value for narrow angles [30, 90] and another spec value for wide angles
· Alt 2: different spec value for each angle
Proposal 3:	stick to previous agreement, i.e. to adopt OR combining.
Simulation results are gathered in Table 2.2-1 and Table 2.2-2.

	R4-2315553
	Samsung
	Proposal 1:	Send LS to RAN5 with proposals below:
Proposal 2:	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 [1]. 100MHz CBW is suggested as the single CBW from RAN4 perspective.
Proposal 3:	RAN4 also 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.

	R4-2315564
	Sony, Ericsson
	Observation 1: A single point calibration at the spherical coverage point may sufficiently represent the worst-case scenario in terms of UE performance since the top part of the CDF curve does not substantially impact the percentage of “go” or “no-go”.
Observation 2: The calibration at the REFSENS point may better represent the UE performance in real life as some margin in spherical coverage can be obtained. 
Observation 3:  all UE implementations can achieve a similar performance around 90° AoA offset.
Observation 4:  the “or combination” method hides failed test points and has no clear physical meaning. 
Observation 5: The core requirement shall ensure a common minimum performance that all UEs must meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs.
Observation 6: It is feasible to define a common minimum requirement at 90° offset for different UE implementations. In addition, from the network perspective, 90° offset can be seen as a mean value for all real-life AoA offsets (0°-180°) and feasible for several antenna-panel configurations. Therefore, defining the minimum requirement at 90° offset can also somewhat represent the average performance in real life. 
Proposal 1: The AoA offsets should be defined in specification rather than UE declaration.
Proposal 2: It is proposed to define the minimum requirement at 90° AoA offsets.
Proposal 3: 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: defining the core requirement as 15% for 90° AoA offset. 

	R4-2315812
	vivo
	Observation 1: The impact of gain imbalance on the UE performance is unpredictable and UE is hard to cheat on the test by purposely changing the gain imbalance.
Observation 2: Arithmetic mean is more stable under different gain imbalance.
Observation 3: Unlike legacy spherical coverage, the UE has poor spherical coverage performance in multi-Rx is not only due to the use of unqualified panels, but because the panels placement determine that UE can only achieve poor performance under certain AoA offset.
Observation 4: If UE cannot declare preferred AoA offsets, the mismatch between requirement and UE implementation will exist, which lead to the real UE performance cannot be verified.
Observation 5: For a specific panel placement, the offset at which the UE achieves the best performance is always fixed: when panel in same side, the best performance appears at 30°; when panel in adjacent side, the best performance appears at 90°; when panel in opposite side, the best performance appears at 150°.
Proposal 1: Use arithmetic mean as combining method to reduce the impact of gain imbalance.
Proposal 2: The AoA offset in verification should be declared by UE.
Proposal 3: The following rules is used for multi-Rx requirement construction:
· For AoA offset∈[30,60], the requirement is defined based on simulation results that panels are in same side.
· For AoA offset = 90, the requirement is defined based on simulation results that panels are in adjacent side.
· For AoA offset∈[120,150] , the requirement is defined based on simulation results that panels are in opposite side.

Proposal 4: The requirement will be constructed based on the simulation results of 30°~150° cases only and no need to consider 180° case.

	R4-2316223
	OPPO
	Observation: For different UE implementations, the throughput performances may be not consistent with the same AoA pair and different (moderator edit: TRP) connecting sequences.
Proposal 1: To keep the throughput performance consistency and avoid potential ambiguity, it is proposed to specify the connecting sequence of AoA1 and AoA2.
Proposal 2: In particular, for any AoA pair, connect AoA1 firstly and then AoA2.

	R4-2316224
	OPPO
	Observation 1: The findings of the simulation meet the expectations on the best performance v.s. AoA offset for the three UE implementations.
Proposal 1: According to Option 1 (define a requirement for each candidate AoA offset), the 2 AoA reception UE RF requirement should be derived by collecting the best coverage percentage among all the UE implementations.
Proposal 2: According to Option 2 (the requirement is defined for just 1 AoA offset), the 2 AoA reception UE RF requirement should be derived by collecting the worst coverage percentage among all the UE implementations on the specified AoA offset.
Proposal 3: It is proposed to adopt OR combining approach for Pdirectrional computing in the metric.

	R4-2316332
	ZTE Corporation
	Observation 1: The target AoA offset should be determined first and specify in the standard when the requirement is defined for just 1 AoA offset.
Observation 2: The requirement value should be only determined based on the simulation result of the target AoA offset.
Proposal 1: Arithmetic mean should be adopted as combining method for the test result of AoA+ pair and AoA- pair.
Proposal 2: The requirement is defined for just 1 AoA offset and the AoA offset is specified in the standard. 

	R4-2316367
	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: Define one pass ratio for AoA offset range [30, 60, 90] and another pass ratio for AoA offset range [120, 150].    
· Alt. 2: Define different pass ratio for each AoA offset within [30, 60, 90, 120, 150], respectively.

	R4-2316504
	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 form  (30⁰, 60⁰, 90⁰, 120⁰, 150⁰, 180⁰) will result in too relaxed passing criteria making the purpose of this test meaningless.
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.
	AoA Separation (degrees)
	Probability (%)

	30
	F30

	60
	F60

	90
	F90

	120
	F120

	150
	F150

	180
	F180






Open issues summary
(continued…)


If UE needs to meet requirement only at a self-declared AoA offset 
1.2.1 and 1.2.2: Due to lack of clear choice from proposals on whether the AoA offset is specified in the standard, or if it can be declared by the UE, both options are developed for now.
Company proposals have been tabulated and averaged in a companion spreadsheet file. These values are used to derive the table values below.
Requirement value for any AoA offset (UE declared AoA offset)
Background: ‘To allow maximum UE implementation flexibility, it is necessary to specify a requirement for each candidate AoA offset and allow UE to decide to meet the requirement for a declared AoA offset.’
	Proposed WF: If a UE is allowed to meet the UE EF requirement at a self-declared AoA offset, a requirement value is specified for each candidate AoA offset per table below. The requirement values are derived by collecting the best coverage percentage among all the UE implementation types (R4-2316224). Values for each implementation type are derived by averaging across companies’ proposals for that implementation type.
	AoA offset (degrees)
	30
	60
	90
	120
	150
	180

	OR (%)
	30.9
	27.4
	30.5
	39.3
	43.4
	36.4

	Arith. Mean (%)
	19.2
	16.3
	16.8
	23.9
	31.3
	33.5











Discussion:









[bookmark: _Hlk146801615]


Candidate AoA offsets (UE declared AoA offset)
Independent Y/N proposals:
Proposal 1: 180⁰ is not considered as a candidate AoA offset where a requirement is specified.
(TE vendors have already commented on poor feasibility of 180⁰)
	Proposed WF: agree to proposal 1.



Discussion:









Proposal 2: Additional margin is required for 30⁰ and 60⁰  AoA offsets.
Discussion:



If AoA offset is specified in the standard 
1.2.1 and 1.2.2: Due to lack of clear choice from proposals on whether the AoA offset is specified in the standard, or if it can be declared by the UE, both options are developed for now.
Company proposals have been tabulated and averaged in a companion spreadsheet file. These values are used to derive the table values below.
Requirement value for any AoA offset (AoA offset specified in standard)

	Proposed WF: If a UE must meet the UE EF requirement at an AoA offset specified in the standard, the requirement value is chosen from table below. The requirement values are derived by collecting the worst coverage percentage among all the UE implementation types (R4-2316224). Values for each implementation type are derived by averaging across companies’ proposals for that implementation type.
	AoA offset (degrees)
	30
	60
	90
	120
	150
	180

	OR (%)
	4.7
	10.1
	23.3
	21.0
	14.9
	8.4

	Arith. Mean (%)
	2.9
	6.3
	13.4
	12.6
	10.6
	8.4











Discussion:






Candidate AoA offset for setting the requirement (AoA offset specified in standard)
If the AoA offset where a UE must meet the UE RF requirement is specified: 
Proposals:
· Option 1: that AoA offset is 90⁰, and requirement is 13.4%/ 23.3% (mean/OR)
· Option 2: that AoA offset is 120⁰, and requirement is 12.6%/ 21.0% (mean/OR)
	Proposed WF: (Agree to Option 1) 
If the AoA offset where a UE must meet is specified, the AoA offset is 90⁰, and requirement is 13.4%/ 23.3% (mean/OR)



Discussion:

















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: 
If AoA offset is specified in the standard, perhaps a compromise proposal from R4-2315057 can be considered: 
· Option 1 (arithmetic meant) is adopted, but with additional normalization by dividing by probability to pick 2 in-coverage AoAs – this has the impact of multiplying result by 4 for PC3
The physical meaning of the agreed performance metric:
Without normalization: ‘the probability that two randomly chosen directions can support 2AoA DL’. 
With normalization: ‘the probability that two randomly chosen in-coverage directions can support 2 AoA DL’.”




Discussion:


NTC vs ETC 
Proposal: Do not use the note in the two AoA spherical coverage requirement but ask RAN5 to verify it for NTC only, but RAN4 agreement to verify the requirement under NTC only is documented in TR 38.751. 
	Proposed WF: Agree to proposal 



Discussion:








LS to RAN5 on channel BW for verification
Motivation: 
Send LS to RAN5 regarding test BW
	Proposed WF: agree to send to RAN5 via LS
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 [1]. 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 NTC only verification
	Proposed WF: agree to send to RAN5 via LS
RAN4 also 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.



Discussion:







TRP connection order during test
Motivation: For different UE implementations, the throughput performances may be not consistent with the same AoA pair and different TRP connecting sequences
Proposal: To keep the throughput performance consistency and avoid potential ambiguity, it is proposed to specify the connecting sequence of AoA1 and AoA2
	Proposed discussion: 
How are AoA1 and AoA2 defined?



Discussion:









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

	R4-2315292
	Qualcomm Incorporated
	(draft) Feature CR for FR2 multi-Rx

	R4-2315086
	vivo Japan KK
	TR 38.751v1.1.0 for UE RF requirement for NR FR2 multi-Rx chain DL reception

	R4-2315503
	Apple
	TP on NTC vs. ETC for TR 38.751

	R4-2315813
	vivo
	[bookmark: _Hlk147465864]TP to 38.751 on collection of simultion results

	R4-2315814
	vivo
	[bookmark: _Hlk146793090]TP to 38.751 on further evaluation of  gain difference between V-pol and H-pol



Open issues summary
Draft feature CR
Sub-topic description: See R4-2315292:
· Recommended WF: Revise to capture any agreements and treat later in the meeting.

Discussion:






R4-2315503 - TP on NTC vs. ETC for TR 38.751
Gist of proposal: Do not use the note in the two AoA spherical coverage requirement but ask RAN5 to verify it for NTC only. Note this option was driven by the argument that the use of note for legacy requirement is not preferred as core requirement should be specified independent of how it is verified. 
· Recommended WF: agree, pending wording adjustments.

Discussion:






R4-2315813: TP to 38.751 on collection of simulation results
Gist of proposal: (collection of many contributions). 
· Recommended WF: agree, pending wording adjustments.

Discussion:






R4-2315814: TP to 38.751 on further evaluation of  gain difference between V-pol and H-pol
Gist of proposal: (collection of many contributions). 
· Recommended WF: agree, pending wording adjustments.

Discussion:

Worst coverage percentage among all UE implementation types

OR	30	60	90	120	150	180	4.6760000000000002	10.073636363636364	23.258181818181818	21.012999999999998	14.852	8.4488888888888898	Arith. Mean	30	60	90	120	150	180	2.9409090909090909	6.2749999999999995	13.44	12.584545454545456	10.564545454545454	8.4266666666666694	AoA offset (degrees)





Best coverage percentage among all UE implementation types

OR	30	60	90	120	150	180	30.910000000000007	27.405999999999999	30.537142857142857	39.257272727272728	43.440909090909095	36.384999999999998	Arith. Mean	30	60	90	120	150	180	19.155000000000001	16.33727272727273	16.783333333333335	23.886666666666667	31.287499999999994	33.453000000000003	AoA offset (degrees)





