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

	R4-2218042
	Qualcomm Incorporated
	Proposal 1: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test.
Proposal 2: If the eventual UE RF requirement depends on sensitivity measurements at each grid point, the UE is allowed to meet the requirement for its (singular) choice of preferred fixed AoA separation. AoA separation choices available to the UE would be agreed separately.
Observation 1: It is possible to get complete spatial coverage of both TRPs even if they are constrained to have fixed separation.
Observation 2: The spatial coverage of each TRP can be transformed to an equivalent uniform spatial distribution by extending legacy weighting techniques.
Proposal 3: Adopt a complementary-pair spherical sweep for both TRPs with a fixed AoA separation as the baseline method to achieve full spherical coverage of directional sensitivity. Each sweep of the complementary pair ensures at least one of the TRPs gets full spatial coverage of directional sensitivity measurement.
Observation 3: It is crucial to first define the network benefit metric to enable specifying ‘implementation agnostic UE RF requirements’
Observation 4: The 2AoA FOM would reflect a UE’s network benefit only if:
1. The underlying directions across all AoA pairs are compensated for any non-uniform distributions 
2. The worst-case DL polarization pairing across the 2 TRPs is considered (to capture inter TRP interference)

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

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

Where the AoA pairs are chosen based on the UE’s preferred fixed relative angular AoA separation, and the underlying directions over all AoA pairs are corrected for any non-uniform distributed in space. The FOM is taken as the worst-case value across all DL polarization possibilities, to capture impact of inter-beam interference.
Proposal 6: The minimum network benefit for an enhanced UE is  is FFS
Observation 5: For both mDCI and sDCI UEs, the sensitivity condition can be determined by 2 one dimensional searches, followed by a 2D refinement.
Proposal 7: For sensitivity as each test point (AoA pair), the individual DL powers from each TRP are set in a ratio that enables a balanced sensitivity condition, where ‘balance’ implies similar throughput degradation with reduction in DL power for both TRPs.
Observation 6: The general concept for the UE RF requirement as a go/nogo test can be revisited once a spherical coverage scheme can be devised for this type of test. 

	R4-2218166
	Apple
	Observation 1:	 Support of two-AoA reception is not an essential feature, but a nice-to-have feature. Therefore, the requirement should not be restrictive to discourage the support of this feature by UEs. 
Proposal 1:	 It is proposed to agree to the following definition of panel:
‘Panel’ is loosely defined as a group of antenna element that controls beam independently and has the following attributes 
a. Within a panel, one beam can be selected and used for DL reception.
b. Across different panels, multiple beams (each selected per panel) may be used for DL reception.
c. ‘Beam’ is assumed to mean spatial filter associated with reception.

Proposal 2:	 It is proposed to agree to the following two bullets concerning receiving two AoAs simultaneously with a single antenna module:
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue. 
· If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on the definition in Proposal 1.

Observation 2: 	Once the side conditions of two AoAs, e.g., minimum received SNR of both AoAs, is met, multi-Rx should be allowed by the capable UE. Supporting multi-Rx should not depend on the related spherical coverage performance.

Proposal 3: 	RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement.

Proposal 4: 	RAN4 considers Alt. 1 and Alt 2 for specifying the two-AoA spherical coverage requirement.
Moderator’s addition for reference: Alt. 1: Spherical coverage requirement is based on AoA1 EIS (which is swept over the full sphere), and a fixed/pre-defined power for AoA2.
Alt 2:  Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2).
Proposal 5:	When AoA1 is swept over the full sphere, AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.

Proposal 6:	Option 1 is preferred considering real deployment and UE support of 4-layer DL MIMO. 
Moderator’s addition for reference: Option 1: The requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.


	R4-2218329
	Nokia, Nokia Shanghai Bell
	Proposal 1: To focus on option 1 to specify the spherical coverage requirements for FR2-1 multi-Rx chain DL reception.
Moderator’s addition for reference: Option 1: Coverage performance, e.g., proposal 1,2,3,4,7 in Annex2
Proposal 2: The signal received from at least one of the two directions should maintain or closely maintain the legacy spherical coverage requirement for reception from a single direction to maintain the coverage of the device.
Proposal 3: The signal received by the other direction may be allowed some spherical coverage relaxation due to the inter-beam interference with small AoA separation.

	R4-2218528
	LG Electronics
	Proposal 1: Confirm that a physical panel with dual polarization is assumed as two logical panels.
[bookmark: _Hlk118823954]Proposal 2: Not define new requirements other than spherical coverage requirements for panel-to-panel interaction.
Proposal 3: 
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. 
· If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two logical panels.
· Define common UE RF requirements for UE with a single antenna module and for UE with multi-antenna modules to support simultaneous reception of two AoAs.
Proposal 4: Consider Option 1
· The requirements for FR2 multi-RX chain DL do not apply when angle separation is smaller than a minimum threshold.
Proposal 5: Study whether to consider the reception power imbalance in UE RF requirements or not together with test feasibility.
Proposal 6: Consider diversity gain of ‘0dB’ for EIS requirements of 2 AoAs.
Proposal 7: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power.

	R4-2218557
	Samsung
	Proposal 1:	The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue.
Proposal 2:	‘antenna module’ is not referenced in the final UE RF requirement and test configuration.
Proposal 3:	RAN4 should consider multi-DCI together with single DCI when deriving RF requirements. The configuration and requirements should accommodate worst case between single DCI UE and multi-DCI UE aiming to specify same RF requirements.
Observation 1:	4 layer DL MIMO reception never happen for small AoA separation case from both deployment scenario perspective and UE antenna performance perspective.
Proposal 4:	the requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.
Observation 2:	a constant value of power imbalance configuration is not feasible in sensitivity test.
[bookmark: _Hlk118825071]Proposal 5:	Down-select power imbalance from following two options: Option 1 is simultaneous sensitivity for the 2AoAs; Option 2 is to set the untested AoA with a constant DL signal level comparable with spherical coverage requirement. 
Observation 3:	For existing test setup which are all “Full set AoA1 + non-full-set AoA2”, it seems not a fair situation to treat both AoA1 and AoA2 as measurement AoA, but more reasonable to treat “full set AoA1” as measurement AoA and to treat “non-full-set AoA2” as anchor AoA.
Proposal 6:	It is proposed to discuss the “measurement AoA & anchor AoA” issue between following two options: Option 1 is measurement AoA1 and measurement AoA2; Option 2 is measurement AoA1 and anchor AoA2 
Observation 4:	If EIS1 and EIS2 are to be combined, the test setup of the two AoA arrangement in chamber will greatly impact the final test results, and thus the combining metric should be fair in conjunction with test setup.
Proposal 7:	it is proposed to discuss core requirement in conjunction with the test setup in FR2 OTA testability SI, basic test setup should also be a topic to be discussed in core requirement.

	R4-2218755
	Sony, Ericsson
	Observation 1: The dual AoA test can be specified as a functional test for devices that support multi-Rx chain would ensure that the device can encode the DL data from two different directions by verifying the spherical coverage the BLER requirement is met at a fixed DL level for the RMC. 

Observation 2: Verifying the spherical coverage requirement for the multi-Rx chain DL reception as a functional test with a fixed DL power level can reduce the test time and simplify the work on setting core requirements.

Observation 3: A full set of AoA1+ full set of AoA2 is not feasible from the testability aspect. However, it may still be used to derive the core requirement as it provides an overall assessment of device performance under arbitrary UE orientation and angle of incoming signals. However, a performance gap between the derived requirement and the actual test may appear. 

Observation 4: More than one AoA1 may need to be selected to ensure the device's performance in real life. In addition, testability issue may appear if one of the AoAs needs to have a fixed relative orientation towards the device while the device needs to be rotated. 
Observation 5: The fixed offset(s) between AoA1 and AoA2 test setup is the most feasible solution from the testability aspect while it can ensure the UE performance in real life with arbitrary UE orientation and different multi-TRP deployment scenarios. 

Proposal 1: RAN4 can consider simplifying the spherical coverage requirement for the multi-Rx chain DL reception by only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level, as an alternative to sensitivity test.

Proposal 2: RAN4 should define the sensitivity metric if it would be agreed to adopt the sensitivity test to measure the DL spherical coverage with simultaneous reception under different AoAs setups. 
Proposal 3: The minimum performance requirement for the two AoAs reception should ensure the device can perform better than the single AoA reception regardless the metric or test method RAN4 would adopt.
Proposal 4: Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
Proposal 5: If full set AoA1 + full set AoA2 is selected, the performance difference between the derived requirement and the actual test setup defined in the end needs further study. 

Proposal 6: The testability of having one of the AoA fixed relative to the DUT must be confirmed before considering this method. 
Proposal 7: Adopt fixed AoA offset test method as baseline for next step discussion, and further study the test configuration. 

	R4-2218874
	vivo
	Observation 1：The total coverage performance of UE is not enhanced when multi-Rx simultaneous DL reception is activated.
Observation 2: The coverage during multi-Rx simultaneous DL reception not only cannot be verified but also does not indicate the gain of the whole UE.
Observation 3: The “joint sensitivity” will eliminate the directionality of EIS which make this quantity become a meaningless number. 
Observation 4: The ∆EIS has a clear physical meaning which is the sensitivity degradation of UE under multi-Rx at a specific direction.
Proposal 1: The RF requirement for multi-Rx does not need to verify the coverage area which is already implicit in traditional spherical coverage test.
Proposal 2: The RF requirement is defined based on the “normalized equal PSD” condition, i.e., the EIS of each layer need to achieve 95% RMC throughput simultaneously.
Proposal 3: For the UE supporting multi-DCI, the RMC of the single carrier can be reused for each layer. 
Proposal 4: The RF requirement should not be defined based on “joint sensitivity” unless the “joint sensitivity” can match with a clear physical meaning.
Proposal 5: The RF requirement should have good expandability to be compatible with the case that more than 2 AoA exist for future proof.
Proposal 6: The RF requirement can be constructed based on the tolerance concept, to ensure the UE performance by verification of the EIS degradation.

	R4-2219125
	Xiaomi
	Proposal 1: To make 4 layer DL MIMO possible, the key performance gain for multi-Rx DL reception should guarantee simultaneous reception firstly.
Proposal 2: The EIS total spherical coverage requirement for the UE supporting simultaneous DL reception with two different QCL TypeD RSs on single component carrier should keep the same coverage N%-tile with the R-15 UE (N% = 50% for PC3).
Proposal 3: The EIS total spherical coverage requirement should be defined with the tolerance ZdBm based on the requirements for the single direction.
[bookmark: _Hlk118826070]Proposal 2: The RF requirement can be defined for any AoA pair with assumption that TRP1 uses  polarization when TRP2 uses  polarization and vice-versa without any limitation of angular separation between two AOAs.

	R4-2219193
	ZTE Corporation
	(document missing)

	R4-2219497
	Huawei, HiSilicon
	Observation 1: The Rel-16 single-DCI based TDM and FDM schemes were studied and introduced for URLLC scenario.
Observation 2: From RAN4 perspective, those Rel-16 multi-TRP schemes that were introduced for URLLC scenario seem no need to be considered for the RF requirements.
Observation 3: For a test setup scheme, it is reasonable to consider form RF requirement verification perspective first while any other concern from testability perspective can also be considered. Because in principle the test design normally serves for the verification of RF requirements, rather than introduce constrains on the derivation of RF requirements.
Observation 4: The cell-edge would be the most beneficial UE location for multi-TRP operation and the angular offset between two AoAs would be large considering real cellular network deployment.
Observation 5: For multi-DCI based scheme, the throughputs of each TB can be used for searching the balanced SNR condition of each AoA. For single-DCI based scheme, using L1-RSRP and/or L1-SINR measurements can be considered as a start.
Observation 6: For a UE the performance of 2 AoAs simultaneous reception and legacy EIS spherical coverage may not be necessarily proportional.
Proposal 1: If the RF architecture and baseband capability for PDSCH reception and demodulation can be the same for the UE supports either single-DCI based SDM scheme or multi-DCI scheme, RAN4 can consider to define one set of RF requirements.
Proposal 2: The requirements for 2 AoAs simultaneous DL reception do not apply when angle separation between 2 AoAs is smaller than a minimum threshold.
· The minimum threshold shall be derived based on the most beneficial scenarios for multi-TRP operation, i.e. cell-edge. 
Proposal 3: For the requirements for 2 AoAs simultaneous DL reception, a minimum threshold for the reception power imbalance between two AoAs can be considered as a side condition.  
[bookmark: _Hlk118808657]Proposal 4: Consider the new requirement for 2 AoAs simultaneous DL reception only from spherical coverage perspective.
Proposal 5: Consider to define the new spherical coverage requirements for 2 AoAs simultaneous reception for PC3 UE as “the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%”.
· The value of Y can be the same or worse than it is for legacy EIS spherical coverage requirement for PC3 UE.
· The value of M should be smaller than 50.
Proposal 6: The two sets of test points which can satisfy new requirements for 2 AoAs simultaneous reception or legacy EIS spherical coverage respectively are independent.

	R4-2219600
	OPPO
	Observation 1: UE will rarely meet the scenario of two AoAs with small angular separation in real network.
Proposal 1: RF requirement does not need to cover the condition of small angular separation between AoAs.
Proposal 2: Down-select to Option 1 of the WF to treat the small AoA separation condition, that the requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold. And the threshold is FFS.

	R4-2220017
	Lenovo
	[bookmark: _Hlk118826387]Proposal 1:  	Use the single Rx EIS measurements to limit the set of AOA pairs for which multi-Rx multi-AOA measurements are required.  In particular, a multi-Rx multi-AOA measurement is not required for a pair of angles  unless

Proposal 2:  	When evaluating multi-Rx spherical coverage, reduce the granularity of the spherical grid by a factor  to reduce the required number of measurements by .
Proposal 3:  	When evaluating multi-Rx spherical coverage, do not configure a multi-Rx multi-AOA measurement for a pair of angles  if there is a hardware constraint such that the same antenna module must be used for both  and.
Proposal 4:  	The UE assigns numbers to identify each of the antenna modules in the UE and reports the identity of the antenna module used when EIS is measured during single-Rx single-AOA measurements.
Proposal 5:  	During single-Rx single-AOA measurements, the EIS is measured for each of the antenna modules capable of receiving the signal from a particular AOA.


	R4-2219852
	Keysight Technologies UK Ltd
	Observation 1: Fixed AoA2 probes yield different DL directions perceived by the DUT.
Observation 2: Probes aligned in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes aligned in the yz plane.
Observation 3: When the AoA2 probes are placed in the xz plane, probe antenna DL q/f polarizations map to DUT q/f polarizations, while when AoA2 probes are placed in the yz plane, probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
Observation 4: From a TE vendor perspective, the most “real-world” behaviour would require the antenna DL polarizations to match the perceived UE DL polarizations
Observation 5: For single DCI schemes, only the total throughput (TP) can be measured, i.e., the TP and thus EIS metric cannot be determined per AoA.
Observation 6: From a TE vendor perspective, the Joint 2 AoA Sensitivity approach 1 (single-DCI scheme) is preferred ease of implementation, reduced test time, and lack of ambiguity
Observation 7: The number of polarization combinations and the joint 2 AoA sensitivity approaches (single-DCI schemes) have a large effect on test time while the number of AoA2 probes does not affect test time significantly.
Observation 8: For multi-DCI schemes, TP and EIS/sensitivity can be determined per AoA.
Proposal 1: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors.
Proposal 2: OEMs and chipset vendors to provide feedback on whether the antenna DL polarizations should match the perceived UE DL polarizations
Proposal 3: OEMs and chipset vendors to provide feedback on the 2 presented Joint 2 AoA Sensitivity approaches in Table 11 for single-DCI schemes and whether two different AoA1 and AoA2 DL levels can yield the same target total TP.
Proposal 4: OEMs and chipset vendors to provide feedback on how the Total Joint 2 AoA Sensitivity, TJ2AS, is determined from the Joint 2 AoA Sensitivities for each polarization combination, i.e., . TJ2AS = f(J2ASAoA1q, AoA2q, J2ASAoA1q, AoA2f, J2ASAoA1f, AoA2q, J2ASAoA1f, AoA2f)
Proposal 5: For single-DCI scheme, select the 2 AoA spherical coverage test procedure outlined in Figure 6.
Proposal 6: In order to keep 2-DL multi-AoA spherical coverage test times manageable for single-DCI schemes, it is proposed to limit the number of polarization combinations to 2 and to select the 2 AoA sensitivity approach #1.
Proposal 7: For multi-DCI scheme, select the 2 AoA spherical coverage test procedure outlined in Figure 8.

	R4-2219868
	ROHDE & SCHWARZ
	Observation 1: options 2b-1 and 2b-2 should be precluded as they suffer from same issues as a system enabling full degrees of freedom for 2 active AoA.
Observation 2: the option Full set AoA1 + Full set AoA2 can only be implemented with test setup Option 4b (sequential test with UBF).
Observation 3: the option Fixed AoA1(s) + Full set AoA2, when relative orientation between AoA1 and AoA2 is variable, can only be implemented with test setup Option 3 (2-axes positioner between DUT and AoA1, fixed AoA2 with respect to DUT elevation).
Observation 4: the option Full set AoA1 + Full set AoA2, when relative orientation between AoA1 and AoA2 is fixed, is the same as Fixed offset(s) between AoA1 and AoA2.
Observation 5: the option Fixed offset(s) between AoA1 and AoA2 can only be implemented with test setup Option 2a (2-axes positioner for DUT, fixed AoA1 and several AoA2 with respect to chamber with fixed angular offset).
Observation 6: the usage of AoA1 and AoA2 differ between the UE RF requirement sessions and the FR2 OTA testability session depending on the option.
Observation 7: the minimum separation between probes is 30º for IFF and 5º for DFF.
Observation 8: the usage of DFF for any of the 2 active AoA has a major impact on the scalability of the methodology.
Observation 9: the minimum angular separation for option 3 is in the range of 15 to 20º.
Observation 10: the minimum angular separation for option 4b is only limited by the DUT capability.




Open issues summary
(Continued next sheet)



Test set up assumption for UE RF requirement
Motivation: Down-selection enables test-method SI to proceed, as well as discussion of requirement concept
.. basic test setup should also be a topic to be discussed in core requirement. (R4-2218557)
The testability of having one of the AoA fixed relative to the DUT must be confirmed before considering this method. If full set AoA1 + full set AoA2 is selected, the performance difference between the derived requirement and the actual test setup defined in the end needs further study.   (R4-2218755)
(R4-2219868 has good observations about the test setup configurations down-selected in WF R4-2217453)

Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: fixed relative AoA separation: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test. (R4-2218042, R4-2218755)
· [bookmark: _Hlk118857836]Option 2: variable relative AoA separation: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power. (implied in R4-2218528)

Discussion:


Requiement concept for UE RF 
Motivation: functional or based on sensitivity statistics?
To make 4 layer DL MIMO possible, the key performance gain for multi-Rx DL reception should guarantee simultaneous reception firstly (R4-2219125). 
The RF requirement for multi-Rx does not need to verify the coverage area which is already implicit in traditional spherical coverage test. (R4-2218874)
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: Requirement is based on 2AoA directional sensitivity statistics. (R4-2218166, R4-2218557, R4-2218874, R4-2219125)
· Option 2: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%. (R4-22218755, R4-22219497)
Discussion:


Do we need anything more that spherical coverage requirement for this feature?
[bookmark: _Hlk104922953]Moderator’s note: approved WID RP-221753 says: ‘….Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs’

Open issues and candidate options before f2f meeting:
· Proposals (similar)
· Option 1: Consider the new requirement for 2 AoAs simultaneous DL reception only from spherical coverage perspective. (R4-2219497). 
· Option 2: To focus on option 1(Coverage performance) to specify the spherical coverage requirements for FR2-1 multi-Rx chain DL reception. (R4-2218329)

Discussion:


AoA separation for UE RF requirement
Each aspect is independent, multiple can apply:
Open issues and candidate options before f2f meeting:
· Proposals for test systems that can support fixed AoA1 relative to UE, and scanned AoA2 relative to UE:
· Option 1: define requirements after excluding some TBD areas: The requirements for FR2 multi-RX chain DL do not apply when angle separation is smaller than a minimum threshold. (majority)
· Option 2: define exclusion zone: When AoA1 is swept over the full sphere, AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.. (R4-2218166)
· Proposals for test systems that can support fixed relative separation of AoA1 and AoA2 during test:
· Option 2: define requirements that the UE can satisfy for any one AoA separation of UE’s choice: If the eventual UE RF requirement depends on sensitivity measurements at each grid point, the UE is allowed to meet the requirement for its (singular) choice of preferred fixed AoA separation. AoA separation choices available to the UE would be agreed separately. (R4-2218042)


Discussion:



Minumum network benefit for enhanced UE 
Motivation:
From WF R4-2217732: …. FFS on how to determine a minimum benefit that a UE must demonstrate when configured for this feature.
The minimum performance requirement for the two AoAs reception should ensure the device can perform better than the single AoA reception regardless the metric or test method RAN4 would adopt. (R4-2218755). 
Define common UE RF requirements for UE with a single antenna module and for UE with multi-antenna modules to support simultaneous reception of two AoAs (R4-2218528)
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: Simulation domain requirement only (R4-2218042): The minimum network benefit for an enhanced UE is 10., where 0<X <3 dB is FFS
·  determines FOMBL, the UE’s baseline network benefit (legacy rank1 DL functionality) based on a uniform density grid
·  determines FOM2AoA, the UE’s network benefit when configured for 2AoA reception
· Where the AoA pairs are chosen based on the UE’s preferred fixed relative angular AoA separation, and the underlying directions over all AoA pairs are corrected for any non-uniform distributed in space. The FOM is taken as the worst-case value across all DL polarization possibilities, to capture impact of inter-beam interference. 
· Option 2: (others)

Discussion:


Spatial coverage method for sensitivity-based requirements
Motivation: can we cover the entire test sphere with each TRP?
For test systems that can support fixed relative separation of AoA1 and AoA2 during test :
It is possible to get complete spatial coverage of both TRPs even if they are constrained to have fixed separation. The spatial coverage of each TRP can be transformed to an equivalent uniform spatial distribution by extending legacy weighting techniques (R4-2218042)
Open issues and candidate options before f2f meeting:
· Proposals for test systems that can support fixed relative separation of AoA1 and AoA2 during test:
· Option 1: Adopt a complementary-pair spherical sweep for both TRPs with a fixed AoA separation as the baseline method to achieve full spherical coverage of directional sensitivity. Each sweep of the complementary pair ensures at least one of the TRPs gets full spatial coverage of directional sensitivity measurement. (R4-2218042)
· Option 2: (other)
· Proposals for test systems that can support fixed AoA2 relative to UE, and scanned AoA1 relative to UE or fully independent AoA1 + fully independent AoA2:
· Option 1: No discussion needed. legacy methods can be used

Discussion:


Principles for setting a sensitivity-based requirement
Motivation: establish general guidelines before detailed discussion
Open issues and candidate options before f2f meeting:
· Proposals 
· Option 1: The RF requirement should have good expandability to be compatible with the case that more than 2 AoA exist for future proof (R4-2218874). 
· Option 2 (R4-2218329): 
· The signal received from at least one of the two directions should maintain or closely maintain the legacy spherical coverage requirement for reception from a single direction to maintain the coverage of the device.
· The signal received by the other direction may be allowed some spherical coverage relaxation due to the inter-beam interference with small AoA separation
Discussion:


Sensitivity condition
Motivation: (determine RF conditions for measuring sensitivity) 
…discuss the “measurement AoA & anchor AoA” issue between following two options: Option 1 is measurement AoA1 and measurement AoA2; Option 2 is measurement AoA1 and anchor AoA2 (R4-2218557)
Study whether to consider the reception power imbalance in UE RF requirements or not together with test feasibility (R4-2218528)
Open issues and candidate options before f2f meeting:
· Proposals 
· Option 1: For sensitivity as each test point (AoA pair), the individual DL powers from each TRP are set in a ratio that enables a balanced sensitivity condition, where ‘balance’ implies similar throughput degradation with reduction in DL power for both TRPs. (R4-2218042, R4-2218557 , R4-2218874)
· Option 2: Set the untested AoA with a constant DL signal level comparable with spherical coverage requirement (implied in R4-2218166, R4-2218557, R4-2219852)
· Option 3: For the requirements for 2 AoAs simultaneous DL reception, a minimum threshold for the reception power imbalance between two AoAs can be considered as a side condition. (R4-2219497)

Discussion:


Joint sensitivity for an AoA pair, for a sensitivity-based UE RF requirement
Motivation: (if necessary to define, what would a joint sensitivity look like)
RAN4 should define the sensitivity metric if it would be agreed to adopt the sensitivity test to measure the DL spherical coverage with simultaneous reception under different AoAs setups. (R4-22218755)
OEMs and chipset vendors to provide feedback on how the Total Joint 2 AoA Sensitivity, TJ2AS, is determined from the Joint 2 AoA Sensitivities for each polarization combination, i.e., . TJ2AS = f(J2ASAoA1q, AoA2q, J2ASAoA1q, AoA2f, J2ASAoA1f, AoA2q, J2ASAoA1f, AoA2f)  (R4-2219852)
Open issues and candidate options before f2f meeting:
· Proposals 
· Option 1: Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2). (R4-2218166)
· Option 2: The RF requirement should not be defined based on “joint sensitivity” unless the “joint sensitivity” can match with a clear physical meaning (R4-2218874)
· Option 3: f(SAoA1, SAoA2) (as referenced by R4-2219852)

Discussion:





DL polarizations during sensitivity testing
Motivation:
.. it is feasible to distinguish two AOAs with ‘small’ angular separation by assumption any AoA pair with TRP1 uses  polarization when TRP2 uses  polarization and vice-versa. (R4-2219125)
Open issues and candidate options before f2f meeting:
· Multiple aspects may be chosen:
· Aspect 1: The RF requirement can be defined for any AoA pair with assumption that TRP1 uses  polarization when TRP2 uses  polarization and vice-versa without any limitation of angular separation between two AOAs. (R4-2219125)
· Aspect 2: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors. (R4-2219852)
· Aspect 3: YES/NO: whether the antenna DL polarizations should match the perceived UE DL polarizations. (R4-2219852)

Discussion:


Same UE RF requirements for mDCI vs sDCI
Open issues and candidate options before f2f meeting:
· Proposals 
· Option 1: RAN4 should consider multi-DCI together with single DCI when deriving RF requirements. The configuration and requirements should accommodate worst case between single DCI UE and multi-DCI UE aiming to specify same RF requirements (R4-2218557)
· Option 2: If the RF architecture and baseband capability for PDSCH reception and demodulation can be the same for the UE supports either single-DCI based SDM scheme or multi-DCI scheme, RAN4 can consider to define one set of RF requirements. (R4-2219497)

Discussion:



DL sensitivity condition for sDCI UEs
Motivation: 
(R4-2219852) OEMs and chipset vendors to provide feedback on … Joint 2 AoA Sensitivity approaches …. for single-DCI schemes and whether two different AoA1 and AoA2 DL levels can yield the same target total TP.
Open issues and candidate options before f2f meeting:
· Proposals 
· Option 1: (R4-2219852)
· Apply fixed DL power to AoA2 on specific polarization Pol2, DLAoA2,Pol2 
· Subsequently, perform sensitivity search while adjusting AoA1 DL level on specific polarization Pol1, DLAoA1,Pol1 to yield target TP (total)
· YES/NO whether two different AoA1 and AoA2 DL levels can yield the same target total TP
· Option 2: (R4-2219852) 
· Perform sensitivity search while iteratively adjusting AoA1 and AoA2 DL levels on specific polarizations Pol1 and Pol2, DLAoA1,Pol1 and DLAoA2,Pol2 to yield target TP (total)
· YES/NO whether two different AoA1 and AoA2 DL levels can yield the same target total TP
· Option 3: (R4-2218042) For both mDCI and sDCI UEs, the sensitivity condition can be determined by 2 one dimensional searches, followed by a 2D refinement
· Both DL powers would be reduced from the same starting power level in unison until the cumulative throughput starts to drop. At this point half the bits have low SNR, while the other half probably have power to spare. The next step is to identify the layer that has surplus SNR and drop the DL power associated with that layer while ensuring there is no significant impact to throughput



Diversity gain = 0 dB
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: Consider diversity gain of ‘0dB’ for EIS requirements of 2 AoAs (R4-2218528)
· Option 2: (other)

Discussion:


Single antenna module receiving from 2 AoAs
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: ‘The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11.(R4-2218166, R4-2218528, R4-2218557)
· Option 2: Other
· WF: Adopt option 1.

Discussion:


On appearance of ’antenna module’ in final requirements
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: ‘antenna module’ is not referenced in the final UE RF requirement and test configuration (R4-2218557)
· Option 2: (other)
· WF: Adopt option 1.

Discussion:


RMC for mDCI UEs
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: For the UE supporting multi-DCI, the RMC of the single carrier can be reused for each layer (R4-2218874)
· Option 2: (other)
· WF: Adopt option 1.

Discussion:



’Panel’ understanding
Each aspect is independent, multiple can apply:
· Proposals
· Aspect 1: ‘Panel’ is loosely defined as a group of antenna element that controls beam independently and has the following attributes (R4-2218166)
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Aspect 2: Confirm that a physical panel with dual polarization is assumed as two logical panels. (R4-2218528)
· Aspect 3: Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. (R4-22218755)

Discussion:


Panel-to-panel interaction
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: Not define new requirements other than spherical coverage requirements for panel-to-panel interaction (R4-2218528)
· Option 2: (other)
· WF: Adopt option 1.

Discussion:




Test time optimization based on learning each UE’s limitations - 1
Motivation:
Use the single Rx EIS measurements to limit the set of AOA pairs for which multi-Rx multi-AOA measurements are required.  (R4-2220017)
Multiple aspects may be chosen:
· Proposals
· Aspect 1: The UE assigns numbers to identify each of the antenna modules in the UE and reports the identity of the antenna module used when EIS is measured during single-Rx single-AOA measurements. During single-Rx single-AOA measurements, the EIS is measured for each of the antenna modules capable of receiving the signal from a particular AOA. (R4-2220017)
· Aspect 2: When evaluating multi-Rx spherical coverage, reduce the granularity of the spherical grid by a factor K≥2 to reduce the required number of measurements by K2 (R4-2220017)

Discussion:



Test time optimization based on learning each UE’s limitations - 2
Motivation:
Use the single Rx EIS measurements to limit the set of AOA pairs for which multi-Rx multi-AOA measurements are required.  (R4-2220017)
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: The two sets of test points which can satisfy new requirements for 2 AoAs simultaneous reception or legacy EIS spherical coverage respectively are independent. (R4-2219497)
· Option 2: a multi-Rx multi-AOA measurement is not required for a pair of angles  unless (R4-2220017)

Discussion:


On demod requirements
Open issues and candidate options before f2f meeting:
· Proposals
· Option 1: RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement (R4-2218166)
· Option 2: (other)

Discussion:



DL sensitivity determination algorithm for sDCI UEs
· Proposals: (R4-2219852) For single-DCI scheme, select the 2 AoA spherical coverage test procedure below.
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· Y/N


DL sensitivity determination algorithm for mDCI UEs
· Proposals: (R4-2219852) For multi-DCI scheme, select the 2 AoA spherical coverage test procedure below.
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