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1 Introduction
The following agreements were reached on the topic of MRO for LTM at RAN2#125bis:
For LTM MRO, RAN2 considers the following three connection failure cases:
-	Too late LTM
-	Too early LTM
-	LTM to wrong cell
For too late LTM, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 1a: the UE detects RLF in source cell after receiving LTM candidate configurations and performs reestablishment procedure.
-	Case 1b: the UE detects RLF in source cell after receiving LTM candidate configurations, selects an LTM candidate cell, detects HOF with the selected LTM cell.
-	Case 1c: the UE detects RLF in source cell after receiving LTM candidate configurations, and successfully completes LTM execution with the selected LTM candidate cell.
For too early LTM, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 2a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure with the source cell.
-	Case 2b: the UE detects HOF/RLF in the LTM target cell, selects the source cell which is also an LTM candidate cell, detects HOF with the source cell, and performs reestablishment procedure.
-	Case 2c: the UE detects HOF/RLF in the LTM target cell, and successfully completes LTM execution with the selected source cell which is also an LTM candidate cell.
LTM to wrong cell, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 3a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure with the source cell.
-	Case 3b: the UE detects HOF/RLF in the LTM target cell, selects an LTM candidate cell which is different from the source or target one, detects HOF with the selected LTM candidate cell, and performs reestablishment procedure.
-	Case 3c: the UE detects HOF/RLF in the LTM target cell, and successfully completes LTM execution with the selected LTM candidate cell which is different from the source or target one.
RAN2 considers SHR, RA report and RLF for MCG LTM SON.
RAN2 will start work on MCG LTM.

This paper discusses further details on the possible objectives for MRO for LTM.
2	Discussion on further potential objectives and scenarios
2.1	Clarification on the already agreed scenarios
The agreed scenarios from RAN2#125bis represent an adaptation of classic MRO scenarios as defined in the past for other mobility mechanisms. It seems however that scenario 3a description is wrong, i.e. in case of wrong cell HO the UE re-established to a third cell (neither the source nor the target) after the initial failure.
Proposal 1: RAN2 to correct the definition of scenario 3a as follows: Case 3a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure in a cell other than the source cell and the target cell.
The agreed scenarios also include a possible LTM recovery procedure after the detection of the initial failure. Similar to CHO recovery, the UE may select a suitable cell and if this is a preconfigured LTM target, the UE performs LTM handover to this cell instead of re-establishment. 
Observation 1: The agreed scenarios include the possibility of LTM recovery after the initial failure which is very similar to CHO recovery.
In Rel-17, MRO for CHO includes CHO recovery scenarios covering both successful and failure cases. RAN2 agreed that in both cases the RLF report will be enhanced and in case of CHO recovery failure included information on both failures. As a result, the IE definitions for reestablishmentCellID, failedPCellId and previousPCellId were updated and a new IE CHOCellId was introduced to represent the selected CHO candidate cell after the first connection failure and before the reestablishment. A similar approach could be taken for scenarios that included LTM recovery.  
Proposal 2: RAN2 to reuse the Rel-17 CHO recovery approach also for MRO for LTM, by extending the definitions of reestablishmentCellID, failedPCellId and previousPCellId and introducing a new IE or renaming CHOCellId to log the LTM recovery cell in the RLF report. 
2.2	 Early TA acquisition optimization
One critical part of the LTM is the early timing advance acquisition (ETA) which the UE may be instructed to perform before receiving the cell switch command. If the ETA is successful, the delay of the cell switch will be significantly reduced as RACH can be skipped. If the UE received the cell switch command that does not include a valid TA previously acquired for the target cell, the UE can still access the cell via regular RACH procedure. However, this will introduce extra delay thus reduce the benefits of LTM.
Moreover, there are also some limitations regarding the ETA that need to be considered. Firstly, the ETA once acquired may also expire or become invalid and the UE will need to acquire it again. Secondly, the ETA acquisition procedure should not be performed too often as it is associated with some interruption time. On the other hand, due to UE movement for example, a previously acquired TA may no longer be valid and therefore cannot be used by the UE. It is thus important that the ETA be performed at the correct time and with the correct cell.
Observation 2: Timely and correct early TA acquisition is a crucial part of LTM that guarantees the reduction of the handover interruption time.
Proposal 3: RAN2 to study the optimization of early TA acquisition in addition to the already agreed scenarios.
2.3 	Differentiation of mobility methods
Many different mobility mechanisms have been defined throughout the various releases (bassline HO, CHO, DAPS, LTM, etc.) and could be configured simultaneously in the UE for a variety of reasons. It is thus becoming more important to distinguish between them and track which one the UE executed to be able to correctly determine the root cause of any handover issues and thus apply the corrective actions on the relevant configuration(s). To this end, various reports (e.g. RLF report, SHR) could be enhanced with this information.
Observation 3: The UE may be configured with multiple mobility mechanisms but only one will be eventually executed.
Proposal 4: RAN2 to study enhancements of various reports (e.g. RLF report, SHR) to aid the network to distinguish between LTM and other types on mobility.
2.4	 Enhancement of SHR
Successful HO report (SHR) was introduced in Rel-17 to capture near failure events that happen during a successful HO. SHR is triggered based on running timers (T310/T312/T304) exceeding a preconfigured threshold. In some cases, additional SHR triggering conditions have been defined. For example, in case of DAPS HO, SHR is also generated if the UE experiences an RLF on the source link during the DAPS HO as this is not the desired behaviour.
Similarly, in the context of LTM, if the UE is not able to access the target cell in a RACHless manner (due to the absence of a TA in the MAC CE command) or the UL transmission taking longer than expected would constitute a similar undesired behavior (near failure scenario). The LTM handover will still be successful (e.g. by means of fallback to RACH based access or since the number of RLC retransmissions remain below the maximum admissible number) but the interruption time would be significantly increased.
Observation 4: Missing RACH-less and fallback to RACH-based access to target cell or UL transmission taking longer than expected during an LTM HO represents an undesired behaviour.
Proposal 5: RAN2 to define additional SHR triggering conditions specific to LTM near failure cases.
Another possible optimization aspect with respect to LTM is the unnecessary configurations. As a reminder, in LTM, the UE may receive multiple configurations but will only execute one of them once it received the cell switch command. Moreover, the UE can be configured to perform subsequent LTM between the prepared PCells. In this case, the UE keeps the LTM configurations of the prepared cells after the cell change. Subsequent LTM enables fast triggering of cell changes and reduces the signalling overhead that is associated with the preparation of the LTM configurations.
There is currently however no way for the network to detect any unnecessary configurations and implicitly blocked resources. Information that would help the network to identify these cases could be added to the SHR.
Proposal 6: RAN2 to enhance SHR with new information and triggering criteria that allow the network to identify unnecessary LTM configurations.
3	Conclusion
This document has made the following observations and proposals:
Proposal 1: RAN2 to correct the definition of scenario 3a as follows: Case 3a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure in a cell other than the source cell and the target cell.
Observation 1: The agreed scenarios include the possibility of LTM recovery after the initial failure which is very similar to CHO recovery.
Proposal 2: RAN2 to reuse the Rel-17 CHO recovery approach also for MRO for LTM, by extending the definitions of reestablishmentCellID, failedPCellId and previousPCellId and introducing a new IE or renaming CHOCellId to log the LTM recovery cell in the RLF report. 
Observation 2: Timely and correct early TA acquisition is a crucial part of LTM that guarantees the reduction of the handover interruption time.
Proposal 3: RAN2 to study the optimization of early TA acquisition in addition to the already agreed scenarios.
Observation 3: The UE may be configured with multiple mobility mechanisms but only one will be eventually executed.
Proposal 4: RAN2 to study enhancements of various reports (e.g. RLF report, SHR) to aid the network to distinguish between LTM and other types on mobility.
Observation 4: Missing RACH-less and fallback to RACH-based access to target cell or UL transmission taking longer than expected during an LTM HO represents an undesired behaviour.
Proposal 5: RAN2 to define additional SHR triggering conditions specific to LTM near failure cases.
Proposal 6: RAN2 to enhance SHR with new information and triggering criteria that allow the network to identify unnecessary LTM configurations.




