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1	Introduction
[bookmark: _Ref178064866]One of the main objectives of the SONMDT Rel-19 WID [RP-234038] is to enhance the MRO features to optimize the LTM cell switch procedure. 
[bookmark: OLE_LINK31]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 contribution discusses considerations regarding MRO feature enhancements for LTM.
[bookmark: _Ref154582601]2	Discussion
As wireless telecommunication networks are becoming increasingly advanced and complex, with ever more advanced features, their operation is also becoming more complex and hence, automation of such operation has become an important topic. This is where the concept of self-organizing networks (SON) comes from. 3GPP has worked on SON features since the beginning of the standardization of LTE, and as the benefits of such features have become obvious, their popularity and importance have grown. In previous releases, 3GPP has specified SON features supporting optimization of mobility related configurations with the prime purpose of increasing the robustness of mobility procedures, e.g. reducing the handover failure rate, where the features with this purpose collectively can be referred to as Mobility Robustness Optimization (MRO). For handovers, these features include provision of feedback information from UEs for both successful (but close to failing) handovers and failed handovers. The Successful Handover Report (SHR) targets the former, while the Radio Link Failure (RLF) Report targets the latter.
In release 18, 3GPP complemented the legacy reconfiguration with sync handovers with L1/L2 Triggered Mobility (LTM). Hence, in release 19, the MRO SON features should be complemented or augmented to also provide useful feedback information specifically addressing LTM to enable automated optimization of LTM related configuration. As for legacy handovers, the feedback information related to LTM should preferably be collected for both successful (but close to failing) and failed LTM procedures. And since LTM is built on similar principles as legacy handovers, the feedback information can be expected to be to a significant extent similar. This implies that extensions of the concerned existing SON reports, i.e. the SHR and the RLF report is a straightforward and attractive way to introduce the new feedback information. 
[bookmark: _Toc162983727]Enhance the RLF report, SHR and RA-report for LTM optimization purpose.

2.1	Introduction to LTM cell switch feature
To facilitate the further discussion, and for the convenience of the reader, here follows a brief background description of LTM.
The LTM procedure, introduced in Rel-18, is to enable mobility using lower layer signalling, in order to reduce the latency, overhead and interruption time.
The mobility procedure in LTM is performed in three steps.

In the first step (“LTM preparation”), the UE is prepared in advance by the network with LTM candidate cells, each with a configuration, which is stored by the UE. The configuration of each LTM candidate cell contains all information the UE needs to connect with the candidate cell, and this configuration corresponds to the handover command message in the baseline L3 handover. Once the UE has been configured, it performs measurements on those LTM candidate cells and transmits layer 1 measurement reports to the network. Each of these reports contain measurements of the candidate cells and also of the current serving cell if configured. 
In the next step (“UL/DL pre- synchronization”), based on the received measurement reports, the network identifies an LTM candidate cell as the target cell and triggers the UE to start a pre-synchronization in uplink (UL) and downlink (DL) to that cell. The UE still uses the connection in the source cell for its user data transmission and reception.
In the third step (“LTM execution”), the UE is triggered by the network with lower layer signalling to execute an LTM cell switch towards the target cell and a specific beam in that cell. The network uses the L1 measurement reports to select a target cell. The UE switches to only use the beam in the target cell and applies the configuration previously stored and switches user data transmission and reception to the connection in the target cell. 
In Figure 1, we illustrate the different steps of LTM in more detail as a message sequence chart with the signalling between the UE and the base station, gNB. LTM uses a mix of RRC, MAC and physical layer (L1) signals and messages. We can see that LTM is a network controlled procedure, meaning that the decisions to configure and execute LTM are taken by the base station, gNB. We also see that it is assisted by the UE, as the UE sends measurements reports to the network. Both these principles are also used in the baseline L3 handover.
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[bookmark: _Ref161931093][bookmark: _Ref160374546]Figure 1. A message sequence chart of the procedure for configuring and executing LTM.
In Figure 2 we illustrate how the different signals and messages in LTM are used to reduce the time window when the user plane connection is interrupted.
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[bookmark: _Ref161931023][bookmark: _Ref160374531]Figure 2. Interruption during L1/L2 Triggered Mobility (LTM).

If we compare LTM with the baseline L3 handover, in LTM most of the steps of the handover procedure are performed without breaking the connection with the source cell. Consequently, the interruption time is limited to the very last step, where reception of the cell switch command triggers the UE reconfiguration.
Downlink pre-synchronization is triggered by the network, in the source cell, by transmitting a new type of Medium Access Control (MAC) Control Element (CE), named Candidate Cell TCI state activation, to the UE. The UE will add the indicated beam of the LTM candidate cell start synchronizing to it in the downlink.
Uplink pre-synchronization is in this example triggered by the network, in the source cell, by transmitting a physical layer signalling, PDCCH order, to the UE, which then transmits a random access preamble in the LTM candidate cell indicated by the PDCCH order. When the network receives the random access preamble, it calculates a timing advance (TA) value which is later provided to the UE (in the LTM cell switch command) to avoid random access during the actual LTM execution.
When UE receives a new type of Medium Access Control (MAC) Control Element (CE), named LTM cell switch command, only then the UE breaks the connection, and the stored UE reconfiguration is performed. Thereafter the user data transmission and reception of the connection can be resumed in the target cell. 
The feedback information in the RLF report that targets failures related to L3 aims at differentiating the error cases too early handover, too late handover and handover to wrong cell. Similar to the L3 mobility procedure, the LTM cell switch procedure may be prone to failures due to Too Early execution, Too Late execution or execution of LTM to the wrong cell. Therefore, it is proposed that RAN3 enables a mechanism to differentiate failure cases such as Too Early LTM, Too Late LTM and LTM to wrong cell.
Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell.

2.2 SHR enhancements for LTM
SHR on the other hand is designed to enable identification of suboptimal L3 mobility configurations by collecting measurements and information related to the mobility procedures which are successfull, but sub-optimally executed i.e., although the mobility procedure is successful, issues with some underlying features that may motivate configuration modifications were detected at the UE. As discussed above the LTM cell switch procedure relies on underlying featurs such as DL/UL synchronization and the LTM TCI state of the target LTM cells. To modify the SHR for the LTM cell switch procedure both the SHR configuration and the report should be discussed. Therefore, it is proposed that RAN3 discuss the SHR enhancement needed to support optimization of LTM configurations, e.g. considering the previously mentioned aspects that are critical for the LTM procedure.
[bookmark: _Toc162983729]Discuss enhancement of SHR configuration for the LTM procedure with LTM specific conditions.
[bookmark: _Toc162983730]Enhance the SHR with feedback information facilitating detecting the lower layers issues when LTM is sub-optimally executed.

2.3 Optimization triggered by RLF Report and its impact on F1
In case of LTM handover failure, there are at least two types of handover optimisation that the serving gNB can perform:
Firstly, and similar to L3 HO, HO triggers can be optimized (e.g. trigger LTM earlier to avoid too late LTM). For LTM, the trigger for execution of LTM is performed at MAC level, which is part of DU. Therefore, the DU should be in charge of optimisations related to LTM trigger. 
DU is in charge of optimisations related to LTM trigger (i.e. sending the MAC CE command).
Secondly, and similar to CHO, the selection of LTM candidate cells can be optimized (e.g. add the re-establishment cell as an LTM cell candidate). In LTM, the responsibility for cell selection belongs to the CU. Therefore, the CU should be in charge of optimisations related to LTM candidate cells selection.
CU is in charge of optimisations related to LTM candidate cells selection.
Therefore, both the CU and the DU need to receive the RLF report. When the UE notifies to the gNB that an RLF Report is available, this notification is received by the CU, as the RRC protocol is tunnelled through the DU and terminated in the CU. For this reason, the CU needs to transfer the RLF Report to the DU, in order for the DU to be able to use it for its optimisations. Such procedure (i.e. Access And Mobility Indication) already exists over F1, and can be reused for LTM. 
[bookmark: _Hlk163474709]For the purpose of LTM, the CU shall transfer the RLF Report to the DU(s), using existing mechanism (F1), and the ACCESS AND MOBILITY INDICATION message.
3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following proposals: 
1. Enhance the RLF report, SHR and RA-report for LTM optimization purpose.
1. Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell.
1. Discuss enhancement of SHR configuration for the LTM procedure with LTM specific conditions.
1. Enhance the SHR with feedback information facilitating detecting the lower layers issues when LTM is sub-optimally executed.
1. DU is in charge of optimisations related to LTM trigger (i.e. sending the MAC CE command).
1. CU is in charge of optimisations related to LTM candidate cells selection.
1. For the purpose of LTM, the CU shall transfer the RLF Report to the DU(s), using existing mechanism (F1), and the ACCESS AND MOBILITY INDICATION message.
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