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[bookmark: _Toc116995841]Introduction
RAN4 work on multi-Rx chain reception core requirements is approaching its end, and the performance part of the WI started in the last RAN4 meeting. Proposals for the performance part were captured in RAN4#108bis part 1 WF in [1]. 
In this contribution we summarize the core part requirements that have been defined in the multi-Rx work item and discuss the test cases that we see needed for these requirements, as well as some details of the setup for the test cases and accuracy requirements.
Agreed core part requirements
In Table 1 we summarize the core part changes that have been agreed in the multi-Rx WI.
	Clause
	Captured requirements for multi-Rx in the core part
	Comments

	8.1 Radio Link Monitoring
	· N-factor reduction for evaluation periods for SSB-based RLM
· Measurement restriction relaxation for CSI-RS based RLM
· Scheduling availability relaxation for m-Rx UE in FR2
	Requirements apply for s-DCI and m-DCI

	8.5 Link Recovery Procedures
	BFD:
· N-factor reduction for evaluation period for SSB-based BFD
· Measurement restriction relaxation for CSI-RS based BFD
· Scheduling availability relaxation for m-Rx UE in FR2
CBD:
· N-factor reduction for evaluation period for SSB-based and CSI-RS-based CBD
	Requirements apply for s-DCI


	8.18 TRP specific Link Recovery Procedures

	BFD:
· N-factor reduction for evaluation period for SSB-based BFD
· PTRP factor reduction for evaluation period for CSI-RS-based BFD
· Measurement restriction relaxation for CSI-RS beam failure detection
CBD:
· N-factor reduction for evaluation period for SSB-based CBD
· N-factor reduction for evaluation period for CSI-RS-based CBD
	Requirements apply for m-DCI


	8.10D Active TCI state switching delay for m-Rx UE
	· Conditions for known TCI state
	

	
	· MAC-CE based TCI state switch delay for PDCCH repetition
· MAC-CE based TCI state switch delay for m-DCI
	Requirements defined for PDCCH repetition and  m-DCI

	
	· DCI based TCI state switch delay for s-DCI
· DCI based TCI state switch delay for m-DCI
	Some details of the core part requirements for m-DCI are pending RAN1 LS response

	
	· Active TCI state list update delay for s-DCI
· Active TCI State list update delay for m-DCI
	

	
	· [RRC-based TCI state switch delay]
	RAN1 replied that this case is possible

	9.5 L1-RSRP measurements for Reporting
	· L1-RSRP measurement requirements for non-group-based reporting taking into account N-factor reduction
· L1-RSRP measurement requirements for group-based reporting taking into account N-factor reduction
· Measurement restriction relaxation for CSI-RS-based L1-RSRP
· Scheduling availability relaxation for L1-RSRP measurement
	

	[9.8 L1-SINR measurements for Reporting]
	· [N-factor reduction for L1-SINR measurement period]
· [Measurement restriction relaxation for L1-SINR]
· [Scheduling availability relaxation for L1-SINR]
	Core part draft CR postponed in RAN4#108bis meeting. Requirements still FFS.



Accuracy requirements
The following proposal was made in the last meeting regarding the accuracy requirements for multi-Rx L1-RSRP measurements:
	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.




We support Option 1 i.e. there is no need to define any new accuracy requirements for group-based or non-group-based L1-RSRP measurements. Both shall fulfil the measurement accuracy requirements in section 10.1.20. It can be clarified in the section that for multi-Rx capable UE, the requirements apply for FR2-1 PCell.
[bookmark: _Toc149923159]Reuse the existing L1-RSRP measurement accuracy requirements for group-based and non-group-based L1-RSRP measurements for a multi-Rx capable UE. 
Test cases
In the last meeting, the following issues and proposals were captured regarding the test case setup. In this section, we discuss the details of the test cases taking into account these open issues.
	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.



Regarding the number of MIMO layers, Option 1 for issue 4-1 is agreeable to us.
[bookmark: _Toc149923160]4-layer MIMO is not verified in RRM test cases.
Test cases for accuracy requirements
Regarding testing the accuracy requirements, even though legacy accuracy requirements should be followed for both GBBR and non-GBBR in our view, since the existing test cases only cover non-GBBR reporting, RAN4 should define a test case for group-based beam reporting accuracy requirements.
[bookmark: _Toc149923161]Define a test case to verify L1-RSRP accuracy requirements for group-based beam reporting.
Test cases for dual TCI state switch
TCI state switching is the most impacted requirement in the multi-Rx work item, and therefore, covering the testing of TCI state switching requirements can be considered to be the most important aspect of the performance part of the WI. TCI state switch may happen between dual to single TCI states, single to dual TCI states and dual to dual TCI states. 
In m-DCI, TCI states for different TRPs are switched with separate MAC-CEs independent from each other. Taking this into account, MAC-CE based dual TCI state switch for PDCCH in m-DCI means that the MAC-CEs from the two TRPs arrive simultaneously or the distance in time between the received MAC-CEs is shorter than MAC-CE based TCI state switching delay. Some final details of the requirements are still open, but in principle the UE shall be able to receive the two target TCI states simultaneously after both switches have been completed. We think it is important to define a test case to verify this.
[bookmark: _Toc149923162]For m-DCI, MAC-CE based dual TCI state switch for PDCCH involves overlapping TCI state switches from two TRPs with separate MAC-CEs.
For s-DCI, MAC-CE based TCI state switch for PDCCH considers only one of the links, and the legacy delay applies. Hence, dual TCI state switch is not considered for s-DCI MAC-CE based TCI state switch.
[bookmark: _Toc149923163]For s-DCI, MAC-CE based dual TCI state switch for PDCCH is not considered.
Hence, MAC-CE based dual TCI state switch requirements shall be defined for a UE supporting m-DCI. For a s-DCI capable UE, no new test for MAC-CE based dual TCI state switch is required for multi-Rx.
[bookmark: _Toc149923164]Define MAC-CE based dual TCI state switch test case for m-DCI mode to verify the time after which the UE shall be able to receive the two target TCI states indicated with two MAC-CEs simultaneously. 
RRC-based TCI state switch requirements are still open, but based on the RAN1 LS response, the requirements may be defined for each TRP separately by reusing the legacy requirement. For the RRC-based switch, it is in our view sufficient that the UE passes the legacy RRC based TCI state switch test case.
[bookmark: _Toc149923165]For RRC-based TCI state switch in m-DCI, it is sufficient that the UE passes the legacy test case, as the legacy requirements apply per TRP.
Existing TCI state switching test cases are only defined for MAC-CE and RRC based switch for PDCCH. Taking into account that neither of these apply for s-DCI mode, test cases need to be defined also for PDSCH. Since there are no test cases for active TCI state list update or DCI-based TCI state switch in the existing specification, new type of test case needs to be defined. As defining a test case for active TCI state list update would be difficult to verify alone, we propose to define a test case where the UE has to complete active TCI state list update and after the defined delay for this, complete DCI-based TCI state switch within the defined delay. Such test case should be defined for both s-DCI and m-DCI. In the test case for s-DCI, the dual TCI states are activated and switched with the same MAC-CE and DCI, and for m-DCI the dual TCI states are activated and switched with separate MAC-CEs and DCIs.
[bookmark: _Toc149923166]There is no existing test case for active TCI state list update or DCI-based TCI state switch. Such test cases are needed to be able to test dual TCI state switch for PDSCH for s-DCI and m-DCI.
[bookmark: _Toc149923167]Define a combined test case for dual active TCI state list update and DCI-based TCI state switch for s-DCI and m-DCI.
Considering the TCI state switching types - dual to dual, single to dual and dual to single - in our view, the most important use case is the switch from dual to dual TCI states. As was discussed in the last meeting, to switch from dual to dual TCI states would require using 4 active probes in the test environment. 2 probes should configured for the source TCI states and 2 probes are configured for the target TCI states like in Figure 1. We do not see that testing dual to dual TCI state switch with less than 4 probes would be possible. Therefore, we think defining a test case with 4 probes is necessary.
[bookmark: _Toc149923168]Define a test case for dual to dual TCI state switch using 4 probes.
Furthermore, test cases should also be defined for dual to single and single to dual TCI state switch, when applicable. Here the number of needed probes can be less than 4.
[bookmark: _Toc149923169]Define test case for single to dual and dual to single TCI state switch for the scenarios when the requirements differ from single-Rx requirements.
Group-based beam reporting
Another important aspect of multi-Rx testing is group-based beam reporting. Considering the conditions under which dual to dual TCI state switch would be possible, the environment needs to be such that the UE can report two beam pairs that it can receive simultaneously in a group-based beam report. For the 4-probe setup, this means that two of the four probes would be configured with a set of reference signals representing one TRP and the other two with a set of reference signals representing the other TRP. In the example of Figure 1, probes 1 and 2 (P1 and P2) on the left would be representing TRP1 and probes 3 and 4 (P3 and P4) on the right would be representing TRP2.



[bookmark: _Ref149573567]Figure 1: Test setup with 4 probes.
In the test setup, the UE has to be able to report two beam pairs where each the RS for each beam is from each of the two resource groups. Passing this test can be considered as a prerequisite for the dual to dual TCI state switch test case. In the example of  Figure 1, the UE would need to report the source RS of TCI’0’ and TCI’1’ as the first beam pair and the source RS of TCI’2’ and TCI’3’ as the second beam pair. 
[bookmark: _Toc149923170]Define a test case for group-based beam reporting using 4 probes, where the UE has to report two beam pairs from two different RS sets.
Testing the beam sweeping and PTRP factor reduction
In the previous meeting it was proposed to verify fast beam sweeping capability and scheduling restrictions on one test case per SSB based L1 measurement.
	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.



We think this is a reasonable proposal. However, it needs to be taken into account that for TRP-specific BFD, also PTRP factor reduction applies, and this should be included in the corresponding test case.
[bookmark: _Toc149923171]For R18 multi-Rx reception, introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.
[bookmark: _Toc149923172]For TRP-specific BFD test case, also verify the PTRP factor reduction.
[bookmark: _Toc149923173]For R18 multi-Rx reception, introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
List of test cases
Summarizing the proposals in this paper, the test cases we think are needed for a multi-Rx capable UE are:
[bookmark: _Toc149923174]RAN4 to define test cases for:
· [bookmark: _Toc149899449][bookmark: _Toc149899714][bookmark: _Toc149923069][bookmark: _Toc149923175]N-factor (and PTRP factor) reduction and scheduling restrictions for:
· [bookmark: _Toc149899450][bookmark: _Toc149899715][bookmark: _Toc149923070][bookmark: _Toc149923176]RLM 
· [bookmark: _Toc149899451][bookmark: _Toc149899716][bookmark: _Toc149923071][bookmark: _Toc149923177]Cell specific BFD and CBD 
· [bookmark: _Toc149899452][bookmark: _Toc149899717][bookmark: _Toc149923072][bookmark: _Toc149923178]TRP-specific BFD and CBD 
· [bookmark: _Toc149899453][bookmark: _Toc149899718][bookmark: _Toc149923073][bookmark: _Toc149923179]L1-RSRP measurements, GBBR-based and non-GBBR based
· [bookmark: _Toc149899454][bookmark: _Toc149899719][bookmark: _Toc149923074][bookmark: _Toc149923180][L1-SINR measurements, non-GBBR based]
· [bookmark: _Toc149899455][bookmark: _Toc149899720][bookmark: _Toc149923075][bookmark: _Toc149923181]Dual TCI state switching:
· [bookmark: _Toc149899456][bookmark: _Toc149899721][bookmark: _Toc149923076][bookmark: _Toc149923182]MAC-CE based switch: multi-DCI
· [bookmark: _Toc149899457][bookmark: _Toc149899722][bookmark: _Toc149923077][bookmark: _Toc149923183]Active TCI state list and DCI-based TCI state switch (common test case): single-DCI and multi-DCI
· [bookmark: _Toc149899458][bookmark: _Toc149899723][bookmark: _Toc149923078][bookmark: _Toc149923184]Accuracy requirements:
· [bookmark: _Toc149899459][bookmark: _Toc149899724][bookmark: _Toc149923079][bookmark: _Toc149923185]GBBR-based L1-RSRP
[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
Proposal 1: Reuse the existing L1-RSRP measurement accuracy requirements for group-based and non-group-based L1-RSRP measurements for a multi-Rx capable UE.
Proposal 2: 4-layer MIMO is not verified in RRM test cases.
Proposal 3: Define a test case to verify L1-RSRP accuracy requirements for group-based beam reporting.
Observation 1: For m-DCI, MAC-CE based dual TCI state switch for PDCCH involves overlapping TCI state switches from two TRPs with separate MAC-CEs.
Observation 2: For s-DCI, MAC-CE based dual TCI state switch for PDCCH is not considered.
Proposal 4: Define MAC-CE based dual TCI state switch test case for m-DCI mode to verify the time after which the UE shall be able to receive the two target TCI states indicated with two MAC-CEs simultaneously.
Observation 3: For RRC-based TCI state switch in m-DCI, it is sufficient that the UE passes the legacy test case, as the legacy requirements apply per TRP.
Observation 4: There is no existing test case for active TCI state list update or DCI-based TCI state switch. Such test cases are needed to be able to test dual TCI state switch for PDSCH for s-DCI and m-DCI.
Proposal 5: Define a combined test case for dual active TCI state list update and DCI-based TCI state switch for s-DCI and m-DCI.
Proposal 6: Define a test case for dual to dual TCI state switch using 4 probes.
Proposal 7: Define test case for single to dual and dual to single TCI state switch for the scenarios when the requirements differ from single-Rx requirements.
Proposal 8: Define a test case for group-based beam reporting using 4 probes, where the UE has to report two beam pairs from two different RS sets.
Proposal 9: For R18 multi-Rx reception, introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.
Proposal 10: For TRP-specific BFD test case, also verify the PTRP factor reduction.
Proposal 11: For R18 multi-Rx reception, introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
Proposal 12: RAN4 to define test cases for:
· N-factor (and PTRP factor) reduction and scheduling restrictions for:
· RLM 
· Cell specific BFD and CBD 
· TRP-specific BFD and CBD 
· L1-RSRP measurements, GBBR-based and non-GBBR based
· [L1-SINR measurements, non-GBBR based]
· Dual TCI state switching:
· MAC-CE based switch: multi-DCI
· Active TCI state list and DCI-based TCI state switch (common test case): single-DCI and multi-DCI
· Accuracy requirements:
· GBBR-based L1-RSRP
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