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1	Introduction
In the last meeting RAN4#103-e, RAN4 has started the discussion on performance test cases for FeMIMO WI. In the WF R4-2210617 [1], RAN4 discussed and agreed on how to introduce tests for FeMIMO core requirements [2] and their scenarios and configurations. Specifically, RAN4 shall introduce test cases for core requirements including unified TCI state switching, L1-RSRP measurement on cells with different PCI, and TRP specific BFD and LR. 
In this contribution, we would like to discuss on which test cases needs to be defined and the general methods for how to define these tests.
2 Unified TCI State Switching

In Rel-17 FeMIMO WI, unified TCI framework is introduced in RAN1. Unlike the previous TCI design indicating QCL relation of downlink signals, unified TCI could be in separate mode or joint mode where unified TCI may indicate downlink TCI, uplink TCI or both downlink and uplink TCI. In the last meeting WF, RAN4 agreed on the test case that 
	Unified TCI state switching
· No test case will be introduced for DCI-based unified TCI state switching
· MAC-CE-based unified TCI state switching test cases will be defined in FR2 EN-DC and NR SA operation mode.
· Define the MAC-CE based TCI state switching test cases
· For serving cells, define the test cases for Joint TCI and UL TCI state
· For cells with different PCI, define the test case for DL TCI state 
· Configurations for TCI state switching test case
· Specify test cases for known TCI state only 
· For the known DL or Joint TCI test cases, the TCI is not in the active TCI list
· For the known UL TCI test cases, the PL-RS is not maintained



Based on the agreements, unified TCI state switching test will be established in FR2 NR Cell for both EN-DC and NR SA scenario and only MAC-CE based switching activation are tested. Since downlink active TCI state switching has no big difference between Rel-16 TCI and Rel-17 downlink TCI, only uplink TCI and UL TCI state switching needs to be tested in addition to existing TCI state.
For traditional Rel-16 active TCI state switching, only FR2 OTA tests are performed for this core requirement to test the QCL type-D relation and in essential UE spatial filter switching (beam switching). In the test, 2 AOAs are configured for the different downlink reference signals and then TCI switching command indicates UE to switch its beam for receiving or transmitting from one beam to another (from one TCI to another). For unified TCI test, we could also reuse the basic idea of Rel-16 TCI state switch test that testing Rx or Tx UE beam switching in the test through active TCI state switching.
What’s more beyond Rel-16 test is that in Rel-17 FeMIMO, the TCI can be configured by not only serving cell and also cells with different PCI with serving cell. For physical layer’s perspective, no obvious difference between TCI from serving cell SSB and TCI from cells with different PCI, hence serving cell and cells with different PCI can be seen as equivalent TCI source for MAC-CE based TCI activation and switch.
Also, we want to avoid to introduce repeated or unnecessary test case and try to minimize the number of test case. Considering the agreements and analysis above, the following test cases can be introduced for unified TCI state switching core requirement.

Observation 1: The following test cases for Rel-17 unified TCI state switching can be introduced.
	

Test Case
	Scenario
	Key Configurations

	Unified TCI state switching
	1
	EN-DC + FR2 + Serving Cell
	Joint TCI + not in the active list

	
	2
	EN-DC + FR2 + Serving Cell
	UL TCI + PL-RS is not maintained

	
	3
	EN-DC + FR2 + Cell with different PCI
	DL TCI + not in the active list

	
	4
	NR SA + FR2 + Serving Cell
	Joint TCI + not in the active list

	
	5
	NR SA + FR2 + Serving Cell
	UL TCI + PL-RS is not maintained

	
	6
	NR SA + FR2 + Cell with different PCI
	DL TCI + not in the active list



3 L1-RSRP Measurement on Cells with Different PCI

Another important feature in Rel-17 FeMIMO is L1-RSRP measurement on cells with different PCI, which is used for beam reporting for inter-cell beam management purpose. In Rel-17, UE can access to non-serving cells at L1/L2 level and transmit and receive uplink and downlink signals without handover. In this context, L1-RSRP measurement should be extend from on serving cells to on cells with different PCI. In the last meeting WF, RAN4 agreed on the test case that 
	L1-RSRP measurement on Cells with different PCI
· No new section for accuracy requirement of L1-RSRP Measurement on Cells with different PCI, revise the applicability rule of the current accuracy requirement to support the cells with different PCI.
· No need to introduce separated test cases for measurement accuracy.
· Scenarios for the test case of L1-RSRP measurement on Cells with different PCI
· Define test cases for 
· FR1 NR SA 
· FR1-FR2 CA operation where FR2 SCell is to be tested 
· For CA scenario, FR2 NR Cell is to be tested in the test cases.
· DRX configuration for the L1-RSRP measurement procedure test cases
· For each test case, UE is configured either with DRX or without DRX


Since RAN4 has agreed to reuse the side condition and measurement assumption for L1-RSRP measurement on cell with different PCI, from L1 perspective, no difference exists regarding to the accuracy from serving cell SSB and cell with different PCI. Thus no new requirement for the accuracy of L1-RSRP measurement on cells with different PCI is needed and the current accuracy requirement can be reused. In addition, the current test for serving cell L1-RSRP can be also used for measurement accuracy validation and no new accuracy test cases are needed for the accuracy test.
One the other hand, L1-RSRP measurement on cells with different PCI can be only based on SSBs as the reference signal. Therefore, for test cases, only SSB can be used as L1-RSRP RS. FR2 is the most common cases for enabling inter-cell beam management, so the case that NR FR2 cell is the most critical scenario to be tested. For DRX issue, UE with DRX or without DRX has impact on the L1-RSRP reporting period. Then the two cases can be both tested. When calculating the UE measurement report time in the test case, it is noted that UE will perform cell identification before L1-RSRP measurement. And in FR2, the UE power class has impact on cell identification time. 
Considering the agreements and analysis above, the following test cases can be introduced for core requirement of L1-RSRP measurement on cell with different PCI with serving cell.

Observation 2: The following test cases for L1-RSRP measurement on cell with different PCI can be introduced.
	

Test Case
	Scenario
	Key Configurations

	L1-RSRP measurement on cells with different PCI
	1
	NR SA + FR1
	SSB-based + DRX mode

	
	2
	NR FR1-FR2 CA where FR2 Cell is tested
	SSB-based + Non-DRX mode



Observation 3: No separate measurement accuracy test case for L1-RSRP measurement on cells with different PCI is needed as the existing test cases are also applied to the case of cells with different PCI.

4 TRP-specific Beam Failure Recovery
The third influence brought by FeMIMO new feature to RAN4 is TRP-specific beam failure recovery. In multi-TRP scenario, UE should monitor beams from different TRPs, and perform beam failure detection and beam candidate detection. In FR2, since UE are not assumed to simultaneously receive from 2 beams towards different directions, the evaluation period of beam failure detection may prolong. In the last meeting WF, RAN4 agreed on the test case that 
	TRP specific BFD and LR
· Define the TRP specific BFR and LR test case for both FR1 and FR2 and both EN-DC and NR SA.
· Scenarios and configurations for defining TRP specific BFD and LR test case
· RAN4 aims to agree a reasonable test case list to minimize test effort 
· The table below can be taking starting point of scenarios and configurations of the test for further discussion 
	1
	EN-DC
	FR1
	PSCell
	SSB based
	Non-DRX

	2
	EN-DC
	FR2
	PSCell
	CSI-RS based
	DRX

	3
	EN-DC
	FR1
	SCell
	CSI-RS-based BFD and SSB-based LR
	Non-DRX

	4
	NR SA
	FR1
	PCell
	CSI-RS based
	DRX

	5
	NR SA
	FR2
	PCell
	SSB based
	Non-DRX

	6
	NR SA
	FR2
	SCell
	CSI-RS based
	DRX


· Other options not precluded
· DRX configuration for the TRP specific BFD and LR test cases
· For each test case, UE is configured either with DRX or without DRX



Compared with the existing beam failure recovery test, the main difference is two TRPs are used as signal transmitting. During the test, UE needs to measure RS from different TRP. In the FR2 test case, UE have to measure the different RSs in a TDM manner as the two RSs from TRPs are not mutually QCL type-D. In this case, 2 AOA should be configured for the test case.
One more thing should be paid attention to is the beam recovery procedure different kind of cells. For SPCells PRACH is used to report the candidate beams for beam recovery, while for SCells, UE shall transmit PUCCH with LRR, followed by MAC-CE containing beam candidates. These procedures specify the ending point of beam failure recovery. 
Considering the agreements and analysis above, the following test cases can be introduced for TRP-specific beam failure recovery core requirement.

Observation 4: The following test cases for TRP-specific beam failure recovery can be introduced.
	

Test Case
	Scenario
	Key Configurations

	TRP-specific beam failure recovery
	1
	EN-DC + FR1 + PSCell
	SSB based + Non-DRX

	
	2
	EN-DC + FR2 + PSCell
	CSI-RS based + DRX

	
	3
	EN-DC + FR1 + SCell
	CSI-RS-based BFD and SSB-based LR + Non-DRX

	
	4
	NR SA + FR1 + PCell
	CSI-RS based + DRX

	
	5
	NR SA + FR2 + PCell
	SSB based + Non-DRX

	
	6
	NR SA + FR2 + SCell
	CSI-RS based + DRX



To summary, 3 kind of test cases listed in above tables should be introduced for FeMIMO RRM performance test. 

Proposal 1: Introduce the test cases listed in above tables and take the analysis into consideration for designing the test cases for FeMIMO RRM.

5 Conclusion

In this paper, we discuss the test cases to be introduced for FeMIMO RRM and analyze the scenarios, configurations and test methods for them. 
Observation 1: The following test cases for Rel-17 unified TCI state switching can be introduced.
Observation 2: The following test cases for L1-RSRP measurement on cell with different PCI can be introduced.
Observation 3: No separate measurement accuracy test case for L1-RSRP measurement on cells with different PCI is needed as the existing test cases are also applied to the case of cells with different PCI.
Observation 4: The following test cases for TRP-specific beam failure recovery can be introduced.
Proposal 1: Introduce the test cases listed in above tables and take the analysis into consideration for designing the test cases for FeMIMO RRM.
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TABLE. FeMIMO RRM Test Case CR Split
	

Test Case
	Scenario
	Key Configurations
	Company

	Unified TCI state switching
	1
	EN-DC + FR2 + Serving Cell
	Joint TCI + not in the active list
	ZTE

	
	2
	EN-DC + FR2 + Serving Cell
	UL TCI + PL-RS is not maintained
	Samsung

	
	3
	EN-DC + FR2 + Cell with different PCI
	DL TCI + not in the active list
	Apple

	
	4
	NR SA + FR2 + Serving Cell
	Joint TCI + not in the active list
	MediaTek

	
	5
	NR SA + FR2 + Serving Cell
	UL TCI + PL-RS is not maintained
	Ericsson

	
	6
	NR SA + FR2 + Cell with different PCI
	DL TCI + not in the active list
	vivo

	L1-RSRP measurement on cells with different PCI
	1
	NR SA + FR1
	SSB-based + DRX mode
	vivo

	
	2
	NR FR1-FR2 CA where FR2 Cell is tested
	SSB-based + Non-DRX mode
	Huawei

	TRP-specific beam failure recovery
	1
	EN-DC + FR1 + PSCell
	SSB based + Non-DRX
	Nokia

	
	2
	EN-DC + FR2 + PSCell
	CSI-RS based + DRX
	Nokia

	
	3
	EN-DC + FR1 + SCell
	CSI-RS-based BFD and SSB-based LR + Non-DRX
	Ericsson

	
	4
	NR SA + FR1 + PCell
	CSI-RS based + DRX
	Apple

	
	5
	NR SA + FR2 + PCell
	SSB based + Non-DRX
	Intel

	
	6
	NR SA + FR2 + SCell
	CSI-RS based + DRX
	Intel



