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1. Introduction
In RAN4 #110-bis meeting, the performace part of multi-Rx was extensively discussed and the WF[1] was agreed. In this contribution, we would like to give some views on RRM test case design for GBBR accuracy requirements under multi-Rx. 
2 Discussion on test case design 
2.1 Expected AoA setup for multi-rx TCs
Issue 2-2: AoA selection in RRM test cases
	Issue 2-2: AoA selection in RRM test cases
· Company bring analysis on this issue with option 1 as starting point.
· Option 1: The AoA pair for simultaneous reception with different QCL-typeD in RRM tests is from the set of qualified AoA pairs according to the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2.


Since multi-Rx specified 2AoA spherical coverage requirement of power class 3 was defined in TS 38.101-2 7.3K.3, we believe that it means the 2AoAs (spherical coverage directions/ non-peak beam directions) for multi-Rx are from the set of directions corresponding to the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2 instead of clause 7.3.4. 
Besides, the legacy RF requirement cannot be considered in the multi-Rx DL simultaneous reception scenario since we can’t ensure the “like” directions (“like” AoA pair ) are to different panels/Rx chains based on 7.3.4. Meanwhile, a new “Probability” principle was introduced in Rel-18 Multi-Rx RF.
In this sense, taking option 1 as starting point is OK for us, and from our understanding, it is better to indicate such clarification in the Spec. Section A.3.15 when to define new (2/3)AoA setup for multi-Rx simultaneous reception.
Proposal 1: The 2AoAs for FR2 RRM test case are from the set of directions corresponding to the 2AoA spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K of TS 38.101-2.
Regarding AoA selection, there are two methods specified in TS 38.810, copied as below:
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For selecting the testing direction (AoA to test the requirement) fulfilling certain preconditions, two methods are feasible from the perspective of RRM baseline measurement setup, as follows:
-	Method 1: Run a pretest in the RRM baseline measurement system to identify all the directions (with a given spatial granularity) at which the UE fulfils a given precondition (e.g. spherical coverage EIS). The testing directions are then chosen out of the valid directions, following a given rule. The precondition to be fulfilled, and the rule how to select the testing direction out of the valid directions, are specified in the test description.
-	Method 2: For each given potential direction, test first a given precondition (e.g. minimum TP for a given power), which validates the direction as valid for testing or not. If the direction is valid, test the requirement, if not, jump to the next potential direction following a given rule. The rule how to select the potential directions and the precondition to validate them as testing direction, are specified in the test description.


From our understanding, selecting the declared AoA separation and all the corresponding directions defined in RF requirements is similar to Method 1. But there is a fact we’d better to pay attention on in RF, that is, for multi-Rx simultaneous reception, reference sensitivity is not considered, that means the declared AoA separations defined in Section 7.3K.3 is used to describe the relative angular relationships between two spherical coverage directions.
Observation 1: The declared AoA separations defined in RF Section 7.3K.3 is for the relative angular relationships between two spherical coverage directions
From this, there are two cases from AoA selection perspective:
1. non-peak + non-peak 
Directly selecting the declared AoA separation and all the corresponding directions defined in RF requirements is more efficient and save test time.
2. peak + non-peak 
Find the beam peak direction by searching beam peak (measurement grid), and take the RF declared AoA separation and all directions as the priority/start potential selection to map the non-peak direction, and then validate whether the declaration is valid for testing or not, if not, change another one. As such, some unacceptably long test times can be avoided as well. In this sense, the AoA in non-peak beam direction could be changed between different test iterations to guarantee the test can be passed and the requirement/performance is reliable
Proposal 2: RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
Proposal 3: For 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak for simultaneous reception from multiple directions, the AoA in non-peak beam direction could be changed between different test iterations.
· The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1
Issue 2-2a: Whether and how to define new 2AoA setup for multi-Rx
Companies agreed that the following TCs were expected to define 
	Test No.
	Tests 

	TC 1
	DCI based TCI state switch for s-DCI

	TC 2
	MAC-CE based dual TCI state switch for s-DCI for PDCCH repetition

	TC 3
	Fast beam sweeping for RLM OOS

	TC 4
	Scheduling restriction, measurement restriction and L1-RSRP GBBR 

	TC 5
	TRP specific CSI-RS based BFD measurement delay

	TC 6
	DCI based TCI state switch for m-DCI

	TC 7
	L1-RSRP measurements with Rel-17 group-based beam reporting


From our understanding, to verify the above requirements under multi-Rx scenario, the following AoA setups would be needed:
Proposal 4: RAN4 to define the following new 2AoA setups for multi-Rx
· AoAs, both AoAs are in non Rx beam peak directions
· RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements 
· 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction
· 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction
· RRM can consider the RF declared AoA separation and all directions as the priority potential selection
Proposal 5: RAN4 to define a new 3AoA setup for multi-Rx to test dual TCI switching case
The reason behind why peak + peak is not considered is that there is a limitation specified in 38.871: due to the fixed offset between AoAs, the AoA2 probe cannot track/follow a DUT’s reference direction, e.g., beam peak, during testing as illustrated in Table 5.2.2-1 for two different DUT orientations/test points. If we follow such guideline, beam peak + beam peak is almost impossible in multi-Rx supported PC3.
The analysis and applicability of the AoA setups please find in the following sections
2.2 Test setup for fast beam sweeping
It is agreed that the test case (s) for fast beam sweeping corresponding to test case for fast beam sweeping for RLM OOS.
Actually, there are two DRX modes for RLM OOS test, in DRX mode, and in non-DRX mode, and the corresponding AoA setup for the two modes are different. Setup 3 for FR2 OOS testing in non-DRX mode, Setup 1 for FR2 OOS testing in DRX mode
Observation 2: There are two DRX modes for RLM OOS test, the existing AoA setup for the two modes are different, Setup 3 for FR2 OOS testing in non-DRX mode, Setup 1 for FR2 OOS testing in DRX mode. 
To save test time, we can prefer to configure no DRX when designing the test setup for fast beam sweeping. 
Proposal 6: No DRX is configured for test setup for fast beam sweeping
From our understanding, the following new 2AoA setup would be considered in fast beam sweeping test.
· 2 AoAs, both AoAs are in non Rx beam peak directions/spherical coverage directions. 
The intention behind the setup is to guarantee that UE can do proper beam sweeping and measure RSs that are coming from different directions, which is the most likely scenario to be deployed in the field, and setup design aligns to the same logic discussed in the old time
Proposal 7: The new 2AoA setup: 2AoAs, both AoAs are in spherical coverage directions shall be applied for RLM OOS non-DRX test case
2.3 Test setup for scheduling restriction, L1-RSRP GBBR and measurement restriction
From our understanding, the following new 2AoA setup would be considered in scheduling restriction, L1-RSRP GBBR and measurement restriction test.
· 2 AoAs, both AoAs are in non Rx beam peak directions/spherical coverage directions. 
The setup can pertain to the scheduling restriction test case.  
1) The scheduling restriction verification is allowed only in certain symbols that are used for CSI-RS measurement. UE can receive the CSI-RS for measurement and the data simultaneously even resources overlapped.
2) The “pair information” that can receive signals simultaneously is established based on GBBR, and TC applies for the case having the signal for L1-RSRP in a different direction than PDCCH/PDSCH, and these signals comes from the serving cells.
· For GBBR procedure, UE uses a single Rx panel for measurements at one time instance, panel agnostic, AoA setup1, peak  
· Multi-Rx simultaneous reception based on GBBR, new 2AoA setup
 “fine” Rx beam to be used for the PDSCH reception/decoding.
 When the CSI-RS configured for L1-RSRP is not in a CSI-RS resource set with repetition ON, UE shall not do Rx beam sweeping, but shall only measure on the assumption of using the same beam as used for PDSCH reception without any loss
Proposal 8: The new 2AoA setup:  both AoAs are in non Rx beam peak directions shall be applied for scheduling restriction, L1-RSRP GBBR and measurement restriction TC.
· Suggest to assume fine beams
2.4 Test setup for dual TCI state switching
From our understanding, the following new 3AoA setup would be considered in dual TCI state switching
· 3 AoAs
1) 3 AoAs configuration aligns to the baseline measurement setup for Category 2: Dual TCI switching test case in 38.871, copied as below
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Figure 6.2.1-4: Example measurement setup for Option 2 of Category 2 scenario with 3 probes


2) In such setup, 3 active probes should be assumed, three AoAs (AoA0, AoA1 and AoA2) for different SSB indices should be defined. However, 
· TDM’ing of transmissions from the AoA0 and {AoA1, AoA2} should be considered. Thereionto, at T1, the emulating signal (reference signal) is transmitted in AoA1 direction, at T2, the reference signals are transmitted in AoA2 and AoA3 directions simultaneously.
 The AoA0 within directions which are covered by % percentile EIS spherical coverage of the DUT.
 For 2AoA at T2, the declared AoA separation and all the corresponding directions defined in RF requirements 7.3K of TS 38.101-2 could be considered.
· The maximum number of simultaneously active (emulating signal) AoA NMAX_AoAs=2 is still satisfied under 3AoA setup assumption. 
Proposal 9: The new 3AoA setup shall be applied for dual TCI state switching TC.
· 3 active probes should be announced
· TDM’ing of transmissions from the AoA0 and AoA pair {AoA1, AoA2} should be assumed.
· The maximum number of simultaneously active (emulating signal) AoA NMAX_AoAs=2 is still satisfied under 3AoA setup assumption
2.5 Discussion on test parameters
2.5.1 Io reduction, PDSCH Reference Measurement Channels, OCNG pattern
Since the case of signals from the spherical coverage directions is highly possible to be introduced under multi-Rx simultaneous reception (non-peak + non-peak, even peak + non-peak), the Io reduction and DL dB range increment would be allowed. That means the allocated RBs is from 66 to 24 to bring extra 4.4dB range. In this sense, SR.3.2 TDD should be specified.
Proposal 10: For multi-Rx test case that signals transmitted from the spherical coverage directions, the following test parameters shall be considered:
· Data RBs allocated: 24
· PDSCH Reference measurement channel: SR.3. 2 TDD
Besides, since new 2AoA setup with non-peak transmission is to be set, the OCNG patterns should be reconsidered for each expected new TC. Since the intention of OCNG pattern 5 is to specify unused REs in the same bandwidth as CORESET for 2AoA setup, we prefer to use OCNG pattern 5 as the baseline for all the new TCs with 2AoA setup.
Proposal 11: Prefer to use OCNG pattern 5 as the baseline for all the new TCs with 2AoA setup for multi-Rx simultaneous reception.
Furthermore, since there is only one cell in the test, and the three AoAs (single AoA and the AoA pair) are transmitted in TDM manner, the transmission mechanism is a little different from the one discussed for legacy 2AoAs. From this, we have some concerns on whether to add a scheduling parameter to the RMC’s to specify in which slot each AoA/AoA pair can be transmit/receive.
Proposal 12: RAN4 to discuss whether to add a scheduling parameter to the RMC’s to specify in which slot each AoA/AoA pair can transmit/receive for multi-Rx
3 Conclusions
In this contribution, we provided our viewpoints to TCs design for multi-rx. The following observations and proposals are obtained:
Observation 1: The declared AoA separations defined in RF Section 7.3K.3 is for the relative angular relationships between two spherical coverage directions

Proposal 1: The 2AoAs for FR2 RRM test case are from the set of directions corresponding to the 2AoA spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K of TS 38.101-2.
Proposal 2: RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
Proposal 3: For 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak for simultaneous reception from multiple directions, the AoA in non-peak beam direction could be changed between different test iterations.
· The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1
Proposal 4: RAN4 to define the following new 2AoA setups for multi-Rx
· AoAs, both AoAs are in non Rx beam peak directions
· RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements 
· 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction
· 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction
· RRM can consider the RF declared AoA separation and all directions as the priority potential selection
Proposal 5: RAN4 to define a new 3AoA setup for multi-Rx to test dual TCI switching case
Proposal 6: No DRX is configured for test setup for fast beam sweeping
Proposal 7: The new 2AoA setup: 2AoAs, both AoAs are in spherical coverage directions shall be applied for RLM OOS non-DRX test case
Proposal 8: The new 2AoA setup:  both AoAs are in non Rx beam peak directions shall be applied for scheduling restriction, L1-RSRP GBBR and measurement restriction TC.
· Suggest to assume fine beams
Proposal 9: The new 3AoA setup shall be applied for dual TCI state switching TC.
· 3 active probes should be announced
· TDM’ing of transmissions from the AoA0 and AoA pair {AoA1, AoA2} should be assumed.
· The maximum number of simultaneously active (emulating signal) AoA NMAX_AoAs=2 is still satisfied under 3AoA setup assumption
Proposal 10: For multi-Rx test case that signals transmitted from the spherical coverage directions, the following test parameters shall be considered:
· Data RBs allocated: 24
· PDSCH Reference measurement channel: SR.3. 2 TDD
Proposal 11: Prefer to use OCNG pattern 5 as the baseline for all the new TCs with 2AoA setup for multi-Rx simultaneous reception.
Proposal 12: RAN4 to discuss whether to add a scheduling parameter to the RMC’s to specify in which slot each AoA/AoA pair can transmit/receive for multi-Rx
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