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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#108bis meeting, there were initial discussions on the RRM performance requirements for FR2 multi-Rx chain DL reception. The agreements and open issues are captured in the WF [1].
	Sub-topic: Test cases design
Issue 4-1: Whether to consider 4-layer MIMO in RRM test cases
· FFS
· Option 1: 
· 4-layer MIMO is not considered in RRM test cases
Issue 4-2: AoA selection in RRM test cases
<Online agreement>
· Companies to check the progress in FR2 OTA WI, and whether to define test cases for dual TCI state from dual TCI to dual TCI (e.g. [RS1, RS2] to [RS3, RS4]) is to be decided in RRM session.
· Note: The feasibility of the test with 4 active probles simulateously received by the same UE is pending on the discussion in FR2 OTA WI.
Issue 4-3: Number of probes in RRM test cases
· FFS
· Option 1: 
· RAN4 don't define test cases for dual TCI state from dual TCI to dual TCI (e.g. [RS1, RS2] to [RS3, RS4]) where 4 active probes are needed.
Issue 4-4: Test case(s) for fast beam sweeping
· FFS
· Option 1: 
· For R18 multi-Rx reception, it is suggested to introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.
Issue 4-5: Test case(s) for scheduling restriction
· FFS
· Option 1: 
· For R18 multi-Rx reception, it is suggested to introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
Issue 4-6: Set of test case(s) for multi-Rx in Rel-18
· FFS
· Option 1: 
· RAN4 to define test cases for multi-Rx capable UE at least for:
· RLM (s-DCI, m-DCI: out-of-sync, in-sync, scheduling restrictions)
· Cell specific BFD and CBD (s-DCI: BFD and CBD, scheduling restrictions)
· TRP-specific BFD and CBD (m-DCI: BFD and CBD, scheduling restrictions)
· TCI state switching (s-DCI, PDCCH repetition, m-DCI when applicable: MAC-CE based switch, DCI-based switch, active TCI state list update, [RRC based switch])
· L1-RSRP measurements, GBBR-based and non-GBBR based
· [L1-SINR measurements, non-GBBR based]
· Option 2: 
· At high-level, the list of test cases shall include at least test cases for:
· Dual active TCI state switching,
· RLM,
· Link recovery,
· L1-RSRP measurement period.
Sub-topic: Accuracy requirements
Issue 4-7: Accuracy requirements for multi-Rx in Rel-18
· FFS
· Option 1: 
· The legacy accuracy requirements in section 10.1.20 of TS 38.133 apply for L1-RSRP measurements under multi-rx operation, with a clarification that multi-rx chain L1-RSRP accuracy requirements apply for FR2-1.
· No new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation.


In this contribution, we provide our views on RRM performance requirements for FR2 multi-Rx chain DL reception.

2. Discussion
2.1	Number of probes
In the RAN4#108bis meeting, one of the import issues was about number of probes in RRM test cases and AoA selection.
	Issue 4-2: AoA selection in RRM test cases
<Online agreement>
· Companies to check the progress in FR2 OTA WI, and whether to define test cases for dual TCI state from dual TCI to dual TCI (e.g. [RS1, RS2] to [RS3, RS4]) is to be decided in RRM session.
· Note: The feasibility of the test with 4 active probles simulateously received by the same UE is pending on the discussion in FR2 OTA WI.
Issue 4-3: Number of probes in RRM test cases
· FFS
· Option 1: 
· RAN4 don't define test cases for dual TCI state from dual TCI to dual TCI (e.g. [RS1, RS2] to [RS3, RS4]) where 4 active probes are needed.


In legacy RRM test cases, at most 2 probes were used in tests. When multi-Rx is enabled for multi-TRP operation, there are cases that more probes are needed.
For dual TCI states switching requirements, following scenarios can be considered.
· Case 1: MAC-CE based TCI state switch for s-DCI PDCCH reception
· Case 2: MAC-CE based TCI state switch for m-DCI PDCCH reception
· Case 3: DCI based TCI state switch for s-DCI PDSCH reception
· Case 4: DCI based TCI state switch for m-DCI PDSCH reception
· Case 5: RRC based TCI state switch for PDCCH reception
It is noted that simultaneous PDCCH reception are only supported in Rel-18. Though it is under discussion in core part that how MAC-CE based TCI state switch requirements are defined per RAN1 reply, simultaneous PDCCH reception would high likely not be supported in Rel-18 multi-Rx WI. Therefore, no more than 2 probes are needed for MAC-CE based TCI state switch in Case 1 and Case 2. 
For Case 3, the s-DCI may trigger totally different beam pair compared to current used beam pair for PDSCH reception. This needs 4 probes in the test. For Case 4, it could also be possible that m-DCIs are received in the same slot with non-overlapping PDCCHs. The two DCIs could schedule two fully overlapping PDSCHs. This needs 4 probes in the test either.
For Case 5, RRC can configure beam pair for different CorsetPoolIndex. Due to simultaneous PDCCH reception is not supported, UE is not required to receive simultaneously overlapping PDCCHs. However, UE may need to receive PDCCH with different QCL type D in TDM, e.g., symbol by symbol. In this case, maybe 4 probes are also needed in the test.
Observation 1: 4 probes are needed in tests for dual TCI states switch.
For verifying L1-RSRP with group-based beam reporting requirements, signals from multiple directions are needed. To verify dual TCI state switch from one beam pair to another beam pair, at least two beam pairs should be reported. Therefore, at least 4 probes are needed in L1-RSRP with GBBR tests. Furthermore, in order to ensure the stability of the test, maybe more than 4 probes are need in the test so that UE may find two beam pairs.
Observation 2: At least 4 probes are needed in test for L1-RSRP with group-based beam reporting.

During SI of NR FR2 OTA testing enhancements, the RRM test method was capture in TP [2].
	6.2.1.3	Measurement setup for Category 2 scenario
Dual TCI switching is the key test case in multi-Rx chain DL reception RRM testing. To verify the performance of Dual TCI switching, the following 3 options were discussed:
· Option 1: Dual TCI switches simultaneously, probe number for multiple AoA test system is at least 4


Figure 6.2.1-3: Example measurement setup for Category 2 scenario with 4 probes
For option 1, in the period of T1, DUT connects TCI state 0 and TCI state 1 via probe#1 and probe#2 respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between probe#1 and probe#4, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between probe#2 and probe#3.
· Option 2: Dual TCI switches sequentially, probe number for multiple AoA test system is at least 3
[image: ]
Figure 6.2.1-4: Example measurement setup for Category 1 scenario with 3 probes
For option 2, in the period of T1, DUT connects TCI state 0 via probe#1. In the period of T2, TCI state 0 (anchor TCI) firstly switches to TCI state 2 via switching between probe#1 and probe#3. Then the TCI state 1 is added via probe#2.
· Option 3: Dual TCI switches simultaneously, but the beam directions are not changed, probe number for multiple AoA test system is at least 2
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Figure 6.2.1-5: Example measurement setup for Category 1 scenario with 2 probes
For option 3, in the period of T1, DUT connects TCI state 0 and TCI state 1 via Pol.H of probe#1 and Pol.H of probe#2, respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between Pol.H and Pol.V of probe 1, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between Pol.H and Pol.V of probe 2. Note that in option 3, different SSB IDs are transmitted from two polarizations in T1 and T2.  
The pros and cons for 3 options are FFS.


According to RRM test method study, it would be feasible to use 4 probes in the test though pros and cons are under discussion.
Proposal 1: RRM tests which require 4 probes should be defined for at least TCI state switching.
Proposal 2: RAN4 to study whether 4 probes are enough for L1-RSRP with group-based beam reporting tests in which two beam pairs should be reported.

2.2	Test cases
For fast beam sweeping, it would be straightforward to define one test for each SSB based L1 measurements. For scheduling restriction enhancement (relaxation), it would also be reasonable to define one test for each CSI-RS based L1 measurements. For measurement restriction enhancement (relaxation), it would be enough to define one test, e.g., for simultaneous measurements of RLM and L1-RSRP. For TRP specific BFD, one test case is need for simultaneous measurement for the two TRPs.
The test case list for multi-Rx is proposed in Table 1.
Table 1 Test case list for multi-Rx
	Test No.
	Requirements
	Tests 
	AoA setup

	TC 1
	Active TCI state switching delay for UE operating in FR2-1 and configured with groupBasedBeamReporting-r17
	MAC-CE based TCI state switch for s-DCI PDCCH reception
	2 AoAs

	TC 2
	
	DCI based TCI state switch for s-DCI PDSCH reception
	4 AoAs

	TC 3
	
	DCI based TCI state switch for m-DCI PDSCH reception
	3 AoAs

	TC 4
	
	RRC based TCI state switch for PDCCH reception
	4 AoAs

	TC 5
	
	Active TCI state list update for s-DCI
	2 AoAs

	TC 6
	Fast beam sweeping related requirements
	SSB-based RLM measurement delay
	2 AoAs

	TC 7
	
	SSB-based BFD measurement delay
	2 AoAs

	TC 8
	
	SSB-based TRP specific CBD measurement delay
	2 AoAs

	TC 9
	
	L1-RSRP with GBBR measurement delay
	2 AoAs or
4 AoAs

	TC 10
	Scheduling restriction related requirements.
	Scheduling restriction for CSI-RS based RLM
	2 AoAs

	TC 11
	
	Scheduling restriction for CSI-RS based BFD
	2 AoAs

	TC 12
	
	Scheduling restriction for CSI-RS based L1-RSRP with GBBR
	2 AoAs

	TC 13
	
	Scheduling restriction for CSI-RS based RLM
	2 AoAs

	TC 14
	Measurement restriction related requirements.
	Simultaneous measurement of CSI-RS based RLM and CSI-RS based L1-RSRP with GBBR
	

	TC 15
	
	Simultaneous measurement of CSI-RS based BFD and CSI-RS based L1-RSRP without GBBR
	

	TC 10
	
	TRP specific CSI-RS based BFD measurement delay
	



Proposal 3: Introduce test cases for FR2 multi-Rx as in Table 1.

2.3	Accuracy requirements
In general, legacy accuracy requirements for L1-RSRP measurement should also be applicable for L1-RSRP measurement with group-based beam reporting. It was agreed that L1-RSRP measurement with GBBR is performed with one panel at a time. Therefore, accuracy degradation is not observed.
Proposal 4: The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on RRM performance requirements for FR2 multi-Rx chain DL reception. Following proposals and observations are present.
Observation 1: 4 probes are needed in tests for dual TCI states switch.
Observation 2: At least 4 probes are needed in test for L1-RSRP with group-based beam reporting.
Proposal 1: RRM tests which require 4 probes should be defined for at least TCI state switching.
Proposal 2: RAN4 to study whether 4 probes are enough for L1-RSRP with group-based beam reporting tests in which two beam pairs should be reported.
Proposal 3: Introduce test cases for FR2 multi-Rx as in Table 1.
Table 1 Test case list for multi-Rx
	Test No.
	Requirements
	Tests 
	AoA setup

	TC 1
	Active TCI state switching delay for UE operating in FR2-1 and configured with groupBasedBeamReporting-r17
	MAC-CE based TCI state switch for s-DCI PDCCH reception
	2 AoAs

	TC 2
	
	DCI based TCI state switch for s-DCI PDSCH reception
	4 AoAs

	TC 3
	
	DCI based TCI state switch for m-DCI PDSCH reception
	3 AoAs

	TC 4
	
	RRC based TCI state switch for PDCCH reception
	4 AoAs

	TC 5
	
	Active TCI state list update for s-DCI
	2 AoAs

	TC 6
	Fast beam sweeping related requirements
	SSB-based RLM measurement delay
	2 AoAs

	TC 7
	
	SSB-based BFD measurement delay
	2 AoAs

	TC 8
	
	SSB-based TRP specific CBD measurement delay
	2 AoAs

	TC 9
	
	L1-RSRP with GBBR measurement delay
	2 AoAs or
4 AoAs

	TC 10
	Scheduling restriction related requirements.
	Scheduling restriction for CSI-RS based RLM
	2 AoAs

	TC 11
	
	Scheduling restriction for CSI-RS based BFD
	2 AoAs

	TC 12
	
	Scheduling restriction for CSI-RS based L1-RSRP with GBBR
	2 AoAs

	TC 13
	
	Scheduling restriction for CSI-RS based RLM
	2 AoAs

	TC 14
	Measurement restriction related requirements.
	Simultaneous measurement of CSI-RS based RLM and CSI-RS based L1-RSRP with GBBR
	

	TC 15
	
	Simultaneous measurement of CSI-RS based BFD and CSI-RS based L1-RSRP without GBBR
	

	TC 10
	
	TRP specific CSI-RS based BFD measurement delay
	



Proposal 4: The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting.
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