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1.	Introduction
In this paper, we discuss different approaches for the procedure of CFRA based LTM execution and an optimization of CFRA based LTM.
2.	Discussion
2.1.	Approaches for the procedure of CFRA based LTM
In RAN2#123 meeting, the following is agreed [1]:
Will have CFRA resource related information field in LTM cell switch MAC CE (unless serious issues are found). 
Based on the above agreement, RAN2 need to design the detailed procedure of CFRA based LTM execution. To be specific, the design should address the following questions: 1) which information does the candidate cell configuration include?; and 2) what is the CFRA related information field in LTM cell switch MAC CE? In our view, the answer to the second question depends on the answer to the first question and vice versa. Based on [2] and [3], we observe the following three approaches for the procedure of CFRA based LTM execution.
Observation 1. One of the following approaches could be the procedure of CFRA based LTM execution:
· Approach 1: The single configuration of CFRA resource is included in the candidate cell configuration. The LTM cell switch MAC CE includes the CFRA preamble index, the SSB index, the PRACH mask index, and UL/SUL indicator (i.e., as in DCI 1_0 for PDCCH order RACH). Upon receiving the LTM cell switch MAC CE, the UE transmits the CFRA preamble indicated by the MAC CE as MSG1 to the target cell and starts the timer for RAR window.
· Approach 2: The single configuration of CFRA resource is included in the candidate cell configuration. The LTM cell switch MAC CE includes the availability/validity indication of CFRA resource. Upon receiving the LTM cell switch MAC CE, the UE starts the CFRA procedure based on the configuration of CFRA resource provided in the candidate cell configuration if the availability indication is true. Otherwise, the UE starts CBRA procedure.
· Approach 3: The list of CFRA resources is included in the candidate cell configuration. The LTM cell switch MAC CE includes the identifier of CFRA resource. Upon receiving the LTM cell switch MAC CE, the UE starts the CFRA procedure based on the CFRA configuration indicated by the MAC CE.
The UE uses the CFRA resource related information in the LTM cell switch MAC CE only if no valid TA value is included in the LTM cell switch MAC CE. This means that the CFRA resource related information is optional, i.e., the information is not necessary when the UE performs RACH-less LTM. Accordingly, it is not desirable for the CFRA resource related information field to occupy a large space of the LTM cell switch MAC CE. For Approach 1, the LTM cell switch MAC CE should reserve at least 17 bits for the CFRA preamble index (6 bits), the SSB index (6 bits), the PRACH mask index (4 bits), and UL/SUL indicator (1 bit), while it is sufficient that 1 bit indication is included in the LTM cell switch MAC CE for Approach 2. Approach 3 may require an intermediate number of bits between those required by Approach 1 and Approach 2 because we believe up to 8 bits are sufficient to indicate the identifier of CFRA resource.
Observation 2. For CFRA based LTM, Approach 1 requires at least 17 bits of the CFRA related information in the LTM cell switch MAC CE, while Approach 2 requires 1 bit indication. Approach 3 may require an intermediate number of bits between those required by Approach 1 and Approach 2.
As described in [4], it is not desirable for a candidate cell to reserve the resource for LTM because the candidate cell may undergo resource starvation caused by reserving many resources for LTM. Therefore, it is necessary to flexibly share CFRA resource between multiple UEs in order to resolve resource starvation problem. In our view, Approach 1 assumes that all or part of CFRA preambles of the candidate cell are shared resources for LTM and one of the shared CFRA preambles is indicated in the LTM cell switch MAC CE. In Approach 3, the shared CFRA resources are explicitly provided in the candidate cell configuration in form of e.g. list and the identifier of CFRA resource is indicated in the LTM cell switch MAC CE. Therefore, Approach 1 and Approach 3 could enjoy the benefit of flexible sharing of CFRA resources. However, based on Approach 2, the UE should perform CBRA to the target cell if the configured CFRA resource is not available at the moment of LTM cell switch. Even if a CFRA resource other than the configured one is available during the cell switch, there is no way to inform the UE of the available CFRA resource. This implies that Approach 2 is more likely to result in CBRA fallback than other approaches. 
Observation 3. Approach 2 is more likely to result in CBRA fallback than other approaches because there is no way to inform the UE of the available CFRA resource during the LTM cell switch.
Since Approach 1 and Approach 3 require reasonable space (i.e. not seriously large bits) from the LTM cell switch MAC CE for provision of CFRA resource related information and enjoy the benefit of flexible sharing of CFRA resources, it would be better to decide on the procedure of CFRA based LTM between Approach 1 and Approach 3. If RACH will be further enhanced in the future (e.g., beyond Rel-18) and those enhancements need to be reflected in LTM, the LTM cell switch MAC CE in Approach 1 may require additional space in order to include the additional information for LTM cell switch with enhanced CFRA. On the other hand, the LTM cell switch MAC CE in Approach 3 does not require additional space because the additional information for LTM cell switch with enhanced CFRA is included in the candidate cell configuration. Since RRC messages are more flexible than MAC CE in terms of adding new information fields, Approach 3 is more future-proof than Approach 1.
Observation 4. Approach 3 is more forward compatible than Approach 1.
Based on above observations, we argue that RAN2 adopt Approach 3 for the procedure of CFRA based LTM.
Proposal 1. The list of CFRA resources is included in the candidate cell configuration.
Proposal 2. The LTM cell switch MAC CE indicates a specific CFRA resource of the list.

2.2.	CFRA based LTM with beam indication
In the legacy handover with CFRA, the UE first finds an SSB with an RSRP higher than the configured threshold. This is because the legacy handover is triggered by L3 measurement, which is cell level quality derived by averaging multiple beams (at least one) of the cell and the measurements results. Since Rel-18 LTM is triggered by SSB-based measurement, it makes sense that the network knows the best SSB between the UE and the candidate cell when generating the LTM cell switch MAC CE for LTM cell switch to the candidate cell with CFRA.
Observation 5. The network probably knows the best SSB between the UE and the candidate cell when generating the LTM cell switch MAC CE for CFRA based LTM.
In the current MAC running CR [5], the LTM cell switch MAC CE includes the TCI state ID indicating the TCI state for the LTM target cell and the TA command in addition to CFRA resource related information. Based on the combination of the information included in the LTM cell switch MAC CE (i.e. see Table 1 given below), the network may indicate the UE whether to perform the LTM cell switch based on RACH-less, CFRA, or CBRA. Based on Observation 5, CFRA based LTM could be accelerated by skipping the SSB measurement to find an SSB with an RSRP higher than the threshold. For example, the network includes the TCI state ID of the best SSB between the UE and the candidate cell in the LTM cell switch MAC CE for CFRA based LTM. Then, the UE decides on whether to find an SSB with an RSRP higher than the threshold based on whether the TCI state ID is included or not.
Observation 6. Indication of SSB by the TCI state ID in the LTM cell switch MAC CE could accelerate CFRA procedure by skipping SSB measurements.
Based on Observations 5 and 6, we think the TCI state ID can be included in the LTM cell switch MAC CE for CFRA based LTM in order to reduce the interruption time during LTM cell switch.
Proposal 3. TCI state ID can be included in the LTM cell switch MAC CE for CFRA based LTM.
For CFRA based LTM, the UE finds an SSB with an RSRP higher than the threshold if the TCI state ID is not included, the UE transmits the CFRA preamble associated to the SSB indicated by the TCI state ID otherwise.
Proposal 4. If UE receives Cell Switch MAC CE including a TCI state for CFRA, the UE transmits the CFRA preamble associated to the SSB associated with the TCI state.
Execution types of LTM cell switch based on the combination of information fields in the LTM cell switch MAC CE are summarized in Table 1 given below.
	
	TCI state ID
	TA command
	CFRA info

	RACH-less LTM
	included
	included
	not included

	CFRA based LTM
(legacy CFRA)
	not included
	not included
	included

	CFRA based LTM
(optimized CFRA)
	included
	not included
	included

	CBRA based LTM
	not included
	not included
	not included


Table 1. Execution types of LTM cell switch based on the combination of information fields in the LTM cell switch MAC CE.

3.	Conclusion
In this paper, we have made the following observations and proposals:
Approaches for the procedure of CFRA based LTM
Observation 1. One of the following approaches could be the procedure of CFRA based LTM execution:
· Approach 1: The single configuration of CFRA resource is included in the candidate cell configuration. The LTM cell switch MAC CE includes the CFRA preamble index, the SSB index, the PRACH mask index, and UL/SUL indicator (i.e., as in DCI 1_0 for PDCCH order RACH). Upon receiving the LTM cell switch MAC CE, the UE transmits the CFRA preamble indicated by the MAC CE as MSG1 to the target cell and starts the timer for RAR window.
· Approach 2: The single configuration of CFRA resource is included in the candidate cell configuration. The LTM cell switch MAC CE includes the availability/validity indication of CFRA resource. Upon receiving the LTM cell switch MAC CE, the UE starts the CFRA procedure based on the configuration of CFRA resource provided in the candidate cell configuration if the availability indication is true. Otherwise, the UE starts CBRA procedure.
· Approach 3: The list of CFRA resources is included in the candidate cell configuration. The LTM cell switch MAC CE includes the identifier of CFRA resource. Upon receiving the LTM cell switch MAC CE, the UE starts the CFRA procedure based on the CFRA configuration indicated by the MAC CE.
Observation 2. For CFRA based LTM, Approach 1 requires at least 17 bits of the CFRA related information in the LTM cell switch MAC CE, while Approach 2 requires 1 bit indication. Approach 3 may require an intermediate number of bits between those required by Approach 1 and Approach 2.
Observation 3. Approach 2 is more likely to result in CBRA fallback than other approaches because there is no way to inform the UE of the available CFRA resource during the LTM cell switch.
Observation 4. Approach 3 is more forward compatible than Approach 1.
Proposal 1. The list of CFRA resources is included in the candidate cell configuration.
Proposal 2. The LTM cell switch MAC CE indicates a specific CFRA resource of the list.
CFRA based LTM with beam indication
Observation 5. The network probably knows the best SSB between the UE and the candidate cell when generating the LTM cell switch MAC CE for CFRA based LTM.
Observation 6. Indication of SSB by the TCI state ID in the LTM cell switch MAC CE could accelerate CFRA procedure by skipping SSB measurements.
Proposal 3. TCI state ID can be included in the LTM cell switch MAC CE for CFRA based LTM.
Proposal 4. If UE receives Cell Switch MAC CE including a TCI state for CFRA, the UE transmits the CFRA preamble associated to the SSB associated with the TCI state.
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