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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]. In the RAN4#109 meeting, there were further inputs on RRM performance part, but it was not actually discussed due to focus was on core part.
In this contribution, we further provide our views on RRM performance requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1	AoA selection and 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 the RAN4#109 meeting, there were further inputs on AoA selection and number of probes, which were captured in the WF [2]. 
	Issue 1-2: AoA selection in RRM test cases
· FFS
· Option 1: 
· The AoAs for test cases shall be selected from the set that meet corresponding RF requirements. The selection of AoA offset shall wait for further RF conclusion.
Issue 1-3: Number of probes in RRM test cases
· FFS
· Option 1:
· To verify UE performance of dual TCI state switching, the final number of probes will be decided in the R18 FR2 OTA testing SI. RRM test cases can be designed following its conclusion.
· Option 2: 
· RRM tests which require 4 probes should be defined for at least TCI state switching.
· 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.
· Option 3:
· Define a test case for dual to dual TCI state switch using 4 probes.
· Option 4:
· RAN4 don't define test cases for dual TCI state from dual TCI to dual TCI ( [RS1, RS2] to [RS3, RS4]) where 4 active probes are needed, since the performance can be verified by Single TCI to dual TCI( [RS1] to [RS2, RS3]).


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
· Case 6: Active dual TCI state switch delay
For Case 3, the s-DCI may trigger totally different beam pair compared to currently used beam pair for PDSCH reception. This needs 4 probes in the test. However, there would be not much difference in terms of verifying dual TCI state switch delay regardless of old TCI state(s). It could be enough to verify the case from one old TCI state to new dual TCI states.
For Case 4, it could also be possible that m-DCIs are received in the same slot with non-overlapping PDCCHs, and the two DCIs could schedule two fully overlapping PDSCHs. This needs 4 probes in the test for verifying simultaneous PDSCH reception either if the UE receives PDSCHs simultaneously with old TCI states already. Similarly, it may not be necessary to have such tests.
Cases 1, 2 and 6 could be similar to case 3 and 4 in terms of number of probes in the tests for s-DCI and m-DCI, respectively.
Observation 1: 4 probes are not a must in tests for dual TCI states switch.

During SI of NR FR2 OTA testing enhancements, the RRM test method and conclusion was capture in TR [2]. Four following 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 Option 1 of 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 from one probe to two probes simultaneously, probe number for multiple AoA test system is at least 3
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Figure 6.2.1-4: Example measurement setup for Option 2 of Category 2 scenario with 3 probes
[bookmark: OLE_LINK2]For Option 2, in the period of T1, DUT connects TCI state 0 via Probe#1. In the period of T2, DUT measures the SSBs from Probe#2 and Probe#3 while keeping the connection from Probe 1. And then DUT simultaneously switches from Probe#1 to Probe#2 and #3. 
-	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 6.2.1-6: Example measurement setup for Option 3 of Category 2 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.  
-	Option 4: Switching AoAs of the Rx beam from AoA1 to AoA2 or vice versa during the TCI switching test. Probe number for multiple AoA test system is at least 2.


Figure 6.2.1-7 Example measurement setup for Option 4 of Category 2 scenario with 2 probes
For option 4, TCI state switching is based on SSB 0 to SSB 1. The test could be carried out simultaneously or in series with the switching. 



The pros and cons for 4 options are listed in Table 6.2.1-1.
Table 6.2.1-1: Pros and cons for 4 options
	
	Pros
	Cons

	Option 1
	-    The setup can fully verify the      performance of dual TCI switching.
	-    Test system will at least support 4 physical probes. 
-    Two of the same AoA offsets from RF session is needed.
-    Reusing of existing test system is not possible

	Option 2
	-   The complexity of test system is lower, e.g., 3 physical probes is needed.
-    The test condition could follow AoA offset from RF session.
-    Reusing the existing is possible.
	-    The setup can partially verify the performance of dual TCI switching.

	Option 3/4
	-    The complexity of test system is lowest, e.g., 2 physical probes is needed.
	-    The setup cannot verify the real performance of dual TCI switching such as the beam directions are not changed from T1 to T2.
-    This implies a perfect polarization alignment between DUT and TE in order to separate the beams, which is not feasible based on current test systems



Considering system complexity and feasibility, chamber footprint, upgradeability of existing system, the measurement setup for Option 2 with at least 3 probes is selected as the baseline in Rel-18.
According to above conclusion of FR2 OTA test method feasibility study for multi-Rx and aforementioned analysis, it is suggested to define tests for verifying dual TCI states switch delay with at most 3 probes.
Proposal 1: RRM tests for verifying dual TCI states switch delay requirements are defined with at most 3 probes.

2.2	Test cases
Following test cases could be considered for multi-Rx operation.
	Issue 1-4: Test case(s) for fast beam sweeping
· Companies are encouraged to bring analysis on test case(s) for fast beam sweeping

Issue 1-5: Test case(s) for scheduling restriction
· Companies are encouraged to bring analysis on test case(s) for scheduling restriction

Issue 1-6: Test case(s) for measurement restriction
· Companies are encouraged to bring analysis on test case(s) for measurement restriction

Issue 1-7: Test case(s) for TCI state switching
· Companies are encouraged to bring analysis on test case(s) for TCI state switching

[bookmark: _Hlk151126532]Issue 1-8: Test case(s) for group-based beam reporting
· 	Companies are encouraged to bring analysis on test case(s) for group-based beam reporting

Issue 1-9: List of test case(s) for multi-Rx in Rel-18
· Companies are encouraged to bring analysis on full list of test case(s) for mulit-Rx WI



In the last meeting, it was agreed that for MAC CE based PDCCH TCI state switch for m-DCI scenario, no RRM requirement is defined for simultaneous PDCCH reception with different QCL typeD in Rel-18 multi-Rx WI. Thus, for active TCI state switch delay requirements, there is no need to define tests for m-DCI scenario. 
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 cases list for multi-Rx
	Test No.
	Requirements
	Tests 
	Number of Probes

	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
	3 

	TC 2
	
	DCI based TCI state switch for s-DCI PDSCH reception
	3 

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

	TC 4
	
	RRC based TCI state switch for PDCCH reception
	2

	TC 5
	
	Active TCI state list update for s-DCI
	3 

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

	TC 7
	
	SSB-based BFD measurement delay
	2 

	TC 8
	
	SSB-based TRP specific CBD measurement delay
	2 

	TC 9
	
	L1-RSRP with GBBR measurement delay
	2

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

	TC 11
	
	Scheduling restriction for CSI-RS based BFD
	2 

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

	TC 13
	
	Scheduling restriction for CSI-RS based RLM
	2 

	TC 14
	Measurement restriction related requirements.
	Simultaneous measurement of CSI-RS based RLM and CSI-RS based L1-RSRP with GBBR
	2

	TC 15
	
	Simultaneous measurement of CSI-RS based BFD and CSI-RS based L1-RSRP without GBBR
	2

	TC 10
	
	TRP specific CSI-RS based BFD measurement delay
	2



Proposal 2: Introduce test cases for FR2 multi-Rx as in Table 1.

2.3	Accuracy requirements

	Issue 1-10: Accuracy requirements for multi-Rx in Rel-18
· Proposals
· Option 1:
· The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting.
· Option 2:
· 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.
· Option 3:
· 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 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 3: The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting with a clarification that multi-Rx chain L1-RSRP accuracy requirements apply only for FR2-1.

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 for verifying dual TCI states switch delay requirements are defined with at most 3 probes.
Proposal 2: Introduce test cases for FR2 multi-Rx as in Table 1.
Table 1 Test cases list for multi-Rx
	Test No.
	Requirements
	Tests 
	Number of Probes

	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
	3 

	TC 2
	
	DCI based TCI state switch for s-DCI PDSCH reception
	3 

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

	TC 4
	
	RRC based TCI state switch for PDCCH reception
	2

	TC 5
	
	Active TCI state list update for s-DCI
	3 

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

	TC 7
	
	SSB-based BFD measurement delay
	2 

	TC 8
	
	SSB-based TRP specific CBD measurement delay
	2 

	TC 9
	
	L1-RSRP with GBBR measurement delay
	2

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

	TC 11
	
	Scheduling restriction for CSI-RS based BFD
	2 

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

	TC 13
	
	Scheduling restriction for CSI-RS based RLM
	2 

	TC 14
	Measurement restriction related requirements.
	Simultaneous measurement of CSI-RS based RLM and CSI-RS based L1-RSRP with GBBR
	2

	TC 15
	
	Simultaneous measurement of CSI-RS based BFD and CSI-RS based L1-RSRP without GBBR
	2

	TC 10
	
	TRP specific CSI-RS based BFD measurement delay
	2



Proposal 3: The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting with a clarification that multi-Rx chain L1-RSRP accuracy requirements apply only for FR2-1.
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