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[bookmark: _Toc116995841]Introduction
In this contribution, we discuss the performance aspects for LTM.
Discussion on test cases for LTM
The core part requirements that were introduced for LTM in the big CR RP-233971 on high level are:
· LTM cell switch delay requirements for PCell and PSCell
· UL transmit timing requirements
· Interruption requirements due to PDCCH ordered RACH
· Intra-cell LTM L1-RSRP measurement requirements without measurement gaps
· Including also the related scheduling and measurement restrictions (with RLM, BFD, L1-SINR etc.)
· Inter-cell LTM L1-RSRP measurement requirements with and without measurement gaps
· Including also the related scheduling and measurement restrictions (with RLM, BFD, L1-SINR etc.)
We discuss the test case need for these requirements requirement separately.
Cell switch delay, early TCI state activation and PDCCH ordered RACH
Cell switch delay requirements are defined separately for PCell (section 6.3) and PSCell (section 8.20). The delay requirement for each cell is the same. The delay depends on at least these factors:
· Whether target TCI state in cell switch command is active at the time UE receives the cell switch command
· Whether the cell switch is RACH-based or RACH-less
· Whether the cell switch is intra-FR (FR1 to FR1, FR2 to FR2) or inter-FR (FR1 to FR2, FR2 to FR1)
Furthermore, cell switch may be intra frequency or inter frequency cell switch.
Some impacting aspects are still under discussion in RAN4, for example the details of UE capability to perform early ASN.1 decoding and validity check before the cell switch, and possible reduced values for UE processing at LTM cell switch. Without taking these open aspects into account, a full test case list with the existing scenarios would be as shown in the table below.
[bookmark: _Toc159235418]The following test cases to be considered for LTM cell switch delay based on core part agreements until RAN4#109 meeting:
	LTM cell switch delay

	PCell switch
	RACH-based
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	
	RACH-less
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	PSCell switch
	RACH-based
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	RACH-less
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency



While we think a full test coverage is important to ensure that the UE supporting LTM feature is properly tested, the test case list with all the cases is very long. Hence, RAN4 may discuss some kind of down selection of the test cases to be introduced.
Considering the individual test cases on the given test case list, the case of RACH-based LTM cell switch without early TCI state activation is simple and consists only of LTM cell switch command to a configured LTM candidate cell. The more complicated cases are RACH-less cell switch and cell switch with early TCI state activation, and a combination of these two. Hence, RAN4 should agree how these new aspects are implemented in the test cases.
Since early TCI state activation and early TA acquisition are independent UE capabilities, the UE may only support one of them. Network may also not configure UE according to all the supported capabilities even if the UE supports them. Hence, early TCI state activation and RACH-less cell switch need in our view to be tested both separately and together.
[bookmark: _Toc159235419]Because early TCI state activation and early TA acquisition are separate UE capabilities and the network may configure LTM according to, none, some, or both of them to the UE, the capabilities need to be tested separately.

Test cases for RACH-less vs. RACH-based cell switch and PDCCH ordered RACH
Unless UE based TA estimation is configured for the target cell, cell switch is considered RACH-based if the network does not include TA in the cell switch command. Since RAN4 has not defined requirements for UE based TA, we are ignoring that case here for now.
Cell switch can be considered to be RACH-less if network includes TA in the cell switch command. In practice, network would do this if TA= 0, TA equals to serving cell TA, or if TA was acquired through early TA acquisition procedure, meaning PDCCH ordered RACH. 
Considering individual test cases, we think the requirements related to PDCCH ordered RACH can be tested separately from the cell switch delay test case. In the cell switch delay test case, RACH-less cell switch can be tested just by the TE including the TA in the cell switch command.
[bookmark: _Toc159235420]Define separate test cases for PDCCH ordered RACH, where it is tested that the UE completes the RACH procedure on a candidate cell according to the applicable interruption requirements. 
[bookmark: _Toc159235421]In RACH-less cell switch delay test cases, TA to be used in the cell switch is directly included in the cell switch command.

Cell switch test cases with early TCI state activation
Since there is no way to separately verify that the UE completes early TCI state activation in time, TCI state activation has to be tested together with cell switch. Test case needs to verify that the UE can complete the cell switch with a shorter delay if the target TCI state is already active at the time of cell switch. The test case would need to consist of two MAC-CE commands: LTM candidate cell TCI state activation MAC-CE followed by LTM cell switch MAC-CE. RAN4 defined a time gap between these two commands after which the TCI state shall be considered active and UE shall be able to complete the cell switch with Tfirst-RS = 0 and TRS-proc = 0 (taken that the measurement period is also up to 160 ms). Hence, in the test case, the time difference between TCI state activation MAC-CE and cell switch MAC-CE should be at least as long as this agreed delay. Figure 1 shows the timeline of the two commands in the test case:
[image: ]
[bookmark: _Ref157593663]Figure 1: Early TCI state activation in LTM cell switch delay test case.

[bookmark: _Toc159235422]For LTM cell switch delay test cases with early TCI state activation, the test case to consist of TCI activation command and cell switch command. The time gap between TCI activation and cell switch shall be sufficient for the UE to complete TCI state activation before cell switch. After the cell switch command, the UE shall be able to complete the RACH-based or RACH-less cell switch with Tfirst-RS = 0 and TRS-proc = 0.

The test flow on high level for the different scenarios of cell switch - RACH-less/RACH-based cell switch with/without early TCI state activation - are given in the table below.
	Scenario
	Test flow

	RACH-based cell switch without early TCI state activation
	T1: UE connected to cell 1 (PCell) and configured to measure cell 2 (LTM candidate cell).
T2: Cell switch command to cell 2 (without TA). UE to complete the cell switch within the delay defined for RACH-based cell switch. 

	RACH-less cell switch without early TCI state activation
	T1: UE connected to cell 1 (PCell) and configured to measure cell 2 (LTM candidate cell).
T2: Cell switch command to cell 2 (with TA). UE to complete the cell switch within the delay defined for RACH-less cell switch. 

	RACH-based cell switch with early TCI state activation
	T1: UE connected to cell 1 (PCell) and configured to measure cell 2 (LTM candidate cell).
T2: At the beginning of T2, UE receives TCI state activation command for cell 2 with TCI state 1. T2 duration is at least the time for TCI state activation delay.
T3: UE receives cell switch command to cell 2, TCI state 1 (without TA). UE to complete the cell switch within the delay defined for RACH-based cell switch and with Tfirst-RS = 0 and TRS-proc = 0.

	RACH-less cell switch with early TCI state activation
	T1: UE connected to cell 1 (PCell) and configured to measure cell 2 (LTM candidate cell).
T2: At the beginning of T2, UE receives TCI state activation command for cell 2 with TCI state 1. T2 duration is at least the time for TCI state activation delay.
T3: UE receives cell switch command to cell 2, TCI state 1 (with TA). UE to complete the cell switch within the delay defined for RACH-less cell switch and with Tfirst-RS = 0 and TRS-proc = 0.




LTM L1-RSRP measurements
Legacy test cases for L1-RSRP measurements on neighbor cells can be used as the baseline for LTM L1-RSRP measurement test cases. One difference is that now the test cases need to be defined separately for UE supporting and not supporting RTD>CP capability. 
LTM measurement test cases need to be defined at least for the cases shown in the table below.
[bookmark: _Toc159235423]RAN4 to define LTM L1-RSRP measurement test cases for:
	L1-RSRP measurements for LTM candidate cells

	Intra-frequency L1-RSRP measurement
	No MG
	FR1
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	
	FR2
	RTD>CP capability

	
	
	
	No RTD>CP capability

	Inter-frequency L1-RSRP measurement
	No MG
	FR1
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	
	FR2
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	Type 1 MG
	FR1
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	
	FR2
	RTD>CP capability

	
	
	
	No RTD>CP capability



RTD>CP capability also has an impact on the scheduling restrictions, where the UE supporting RTD>CP capability has scheduling restrictions also on the symbols next to the measured SSB. Hence, RAN4 should consider to define at least one test case to confirm that the UE can correctly follow the scheduling restriction requirements depending on the support of RTD>CP capability.
[bookmark: _Toc159235424]RAN4 to consider defining at least one test case to verify the scheduling restrictions for UE supporting and not supporting RTD>CP capability.
Accuracy requirements
Extensive discussions took place in RAN4 about the accuracy requirements for LTM measurements already during the core part of the work item. Regarding the measurement requirements, the following was agreed:
	Issue 2-3-2-1: Measurement period for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP
Thursday ad-hoc agreements:
· when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy measurement period, measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell.
· when actual RTD>CP, no RAN4 requirements.




There were wide discussions about the applicable measurement accuracy requirements for a UE not supporting RTD>CP capability. Some companies proposed that the accuracy requirements could be relaxed if the actual RTD>CP. We do not support such splitting of accuracy requirements. Instead, only one set of accuracy requirements should apply for any measurements the UE is reporting. For LTM measurements, RAN4 can reuse the accuracy requirements defined for L1-RSRP measurements in 10.1.19 and 10.1.20.
[bookmark: _Toc159235425]Reuse accuracy requirements in 10.1.19 and 10.1.20 for LTM L1-RSRP measurements.
[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
Proposal 1: The following test cases to be considered for LTM cell switch delay based on core part agreements until RAN4#109 meeting:
	LTM cell switch delay

	PCell switch
	RACH-based
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	
	RACH-less
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR1 to FR2
	Inter-frequency

	
	
	
	FR2 to FR1
	Inter-frequency

	PSCell switch
	RACH-based
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	RACH-less
	Target TCI state active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	Target TCI state not active
	FR1 to FR1
	Intra-frequency

	
	
	
	
	Inter-frequency

	
	
	
	FR2 to FR2
	Intra-frequency

	
	
	
	
	Inter-frequency



Observation 1: Because early TCI state activation and early TA acquisition are separate UE capabilities and the network may configure LTM according to, none, some, or both of them to the UE, the capabilities need to be tested separately.
Proposal 2: Define separate test cases for PDCCH ordered RACH, where it is tested that the UE completes the RACH procedure on a candidate cell according to the applicable interruption requirements.
Proposal 3: In RACH-less cell switch delay test cases, TA to be used in the cell switch is directly included in the cell switch command.
Proposal 4: For LTM cell switch delay test cases with early TCI state activation, the test case to consist of TCI activation command and cell switch command. The time gap between TCI activation and cell switch shall be sufficient for the UE to complete TCI state activation before cell switch. After the cell switch command, the UE shall be able to complete the RACH-based or RACH-less cell switch with Tfirst-RS = 0 and TRS-proc = 0.
Proposal 5: RAN4 to define LTM L1-RSRP measurement test cases for:
	L1-RSRP measurements for LTM candidate cells

	Intra-frequency L1-RSRP measurement
	No MG
	FR1
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	
	FR2
	RTD>CP capability

	
	
	
	No RTD>CP capability

	Inter-frequency L1-RSRP measurement
	No MG
	FR1
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	
	FR2
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	Type 1 MG
	FR1
	RTD>CP capability

	
	
	
	No RTD>CP capability

	
	
	FR2
	RTD>CP capability

	
	
	
	No RTD>CP capability



Proposal 6: RAN4 to consider defining at least one test case to verify the scheduling restrictions for UE supporting and not supporting RTD>CP capability.
Proposal 7: Reuse accuracy requirements in 10.1.19 and 10.1.20 for LTM L1-RSRP measurements.
[bookmark: _Toc116995849]References
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