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1	Introduction
The release 19 SON/MDT WID (RP-234038) includes the following objective: 
- MRO enhancement for R18 mobility mechanisms, including, Lower layer triggered mobility (LTM),CHO with candidate SCGs, subsequent CPAC[RAN3, RAN2]:
· Specification of the inter-node information exchange, including possible enhancements to interfaces    
[RAN3]
· Identify and specify necessary UE reporting to enhance the mobility parameter tuning [RAN2]
 
This paper discusses further details on the possible objectives for MRO for LTM.
2	LTM overview 
L1/L2 Triggered Mobility (LTM) was specified in release 18 in order to reduce mobility latency. A detailed description of LTM can be found in clause 9.2.3.5 of TS 38.300. The C-plane handling of LTM is described in clause 9.2.3.5.2:
[bookmark: _Toc155991480]9.2.3.5.2	C-Plane Handling
[bookmark: _Hlk144816415]Cell switch command is conveyed in a MAC CE, which contains the necessary information to perform the LTM cell switch.
The overall procedure for LTM is shown in Figure 9.2.3.5.2-1 below. Subsequent LTM is done by repeating the early synchronization, LTM cell switch execution, and LTM cell switch completion steps without releasing other LTM candidate configurations after each LTM cell switch completion. The general procedure over the air interface is applicable to SCG LTM. Further details of SCG LTM can be found in TS 37.340 [21].


Figure 9.2.3.5.2-1. Signalling procedure for LTM
The procedure for LTM is as follows:
1.	The UE sends a MeasurementReport message to the gNB. The gNB decides to configure LTM and initiates LTM preparation.
2.	The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations.
3.	The UE stores the LTM candidate configurations and transmits an RRCReconfigurationComplete message to the gNB.
4a.	The UE performs DL synchronization with the LTM candidate cell(s) before receiving the cell switch command. The UE may activate and deactivate TCI states of LTM candidate cell(s), as triggered by the gNB.
4b.	The UE may perform UL synchronization with LTM candidate cell(s) before receiving the cell switch command, by using UE-based TA measurement, if configured, and/or by transmitting a preamble towards the candidate cell, as triggered by the gNB. When UE-based TA measurement is configured, UE acquires the TA value(s) of the candidate cell(s) by measurement. UE performs early TA acquisition with the candidate cell(s) as requested by the network before receiving the cell switch command as specified in clause 9.2.6. This is done via CFRA triggered by a PDCCH order from the source cell, following which the UE sends preamble towards the indicated candidate cell. In order to minimize the data interruption of the source cell due to CFRA towards the candidate cell(s), the UE does not receive random access response from the network for the purpose of TA value acquisition and the TA value of the candidate cell is indicated in the cell switch command. The UE does not maintain the TA timer for the candidate cell and relies on network implementation to guarantee the TA validity.
5.	The UE performs L1 measurements on the configured LTM candidate cell(s) and transmits L1 measurement reports to the gNB. L1 measurement should be performed as long as RRC reconfiguration (step 2) is applicable.
[bookmark: OLE_LINK74]6.	The gNB decides to execute cell switch to a target cell and transmits an LTM cell switch command MAC CE triggering cell switch by including a target configuration ID which indicates the index of the candidate configuration of the target cell, a beam indicated with a TCI state or beams indicated with DL and UL TCI states, and a timing advance command for the target cell, if available. The UE switches to the target cell and applies the candidate configuration indicated by the target configuration ID.
7.	The UE performs the random access procedure towards the target cell, if UE does not have valid TA of the target cell as specified in clause 5.18.35 of TS 38.321[6].
8.	The UE completes the LTM cell switch procedure by sending RRCReconfigurationComplete message to target cell. If the UE has performed a RA procedure in step 7 the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data.
The steps 4-8 can be performed multiple times for subsequent LTM cell switch executions using the LTM candidate configuration(s) provided in step 2.
The procedure over the air interface described in Figure 9.2.3.5.2-1 is applicable to both intra-gNB-DU LTM and inter-gNB-DU LTM. The overall LTM procedures over F1-C interface are captured in TS 38.401[4].

3	Potential objectives for MRO for LTM
3.1 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 did the UE execute to be able to correctly determine the root cause and apply corrective actions on the correct configuration. To this end, various reports (e.g. RLF report, SHR) could be enhanced with this information. 
Observation 1: The UE may be configured with multiple mobility mechanisms but only one will be eventually executed.
Proposal 1: 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. 

3.2 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/ 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 2: RAN2 to study how SON reports can be enhanced to enable the optimization of early TA acquisition. 

3.3 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 behavior.
Similarly, in the context of LTM, the UE not being able to access the target cell in a RACH less 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. 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 3: Failure of RACH-less access to target cell or UL transmission taking longer than expected during an LTM HO represents an undesired behavior.
Proposal 3: 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 signaling 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 4: RAN2 to enhance SHR with new information and triggering criteria that allow the network to identify unnecessary LTM configurations. 
4	Conclusion
This document has made the following observations and proposals:
Observation 1: The UE may be configured with multiple mobility mechanisms but only one will be eventually executed.
Proposal 1: 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 2: Timely and correct early TA acquisition is a crucial part of LTM that guarantees the reduction of the handover interruption time.
Proposal 2: RAN2 to study how SON reports can be enhanced to enable the optimization of early TA acquisition.
Observation 3: Failure of RACH-less access to target cell or UL transmission taking longer than expected during an LTM HO represents an undesired behavior.
Proposal 3: RAN2 to define additional SHR triggering conditions specific to LTM near failure cases.
Proposal 4: RAN2 to enhance SHR with new information and triggering criteria that allow the network to identify unnecessary LTM configurations.
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