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1	Introduction
Mobility procedures area of key importance to guarantee flawless user experience. Not only incremental improvements to perfect mobility procedures are achieved with each release but also mobility procedures are adapted to the evolving architecture of 5G. To this end Rel. 18 [1] has introduced a new mobility procedure, L1/L2 Triggered Mobility (LTM) among advances such as Selective Activation of secondary cell group, Conditional Handover (CHO) with multiple candidate PSCells and Early Measurement Reporting (EMR) enhancements. 
The on-going work is followed by many stakeholders. The similar interest is raised at the Rel-19 RAN in June and October where mobility enhancements were discussed and numerous companies expressed interest on continuing the work on several topics on multiple mobility enhancements in Rel. 19, such as inter-CU LTM and RACH-less handover.
In this paper, we discuss and propose mobility enhancement work item objectives based on the Rel. 19 workshop content [3]. 
2	Discussion
2.1	Motivation
LTM is a procedure that brings the benefit of the disaggregated RAN architecture to mobility procedure via allowing the single entity to coordinate the procedure and delegate this to the distributed units. Currently, the LTM procedure is limited in intra-CU deployments only and doesn’t introduce the merits of LTM such as faster cell switch triggering and lower interruption time in inter-CU deployments. .Considering the above, we see that network can benefit from the introduction of inter-CU LTM. Additionally, LTM has been predominately considered for PCell change with limited consideration of how it would interwork with DC. Specifically, LTM PCell change with/without PSCell change should be analysed. Rel.18 LTM is restricted to only SSB based measurements, and since the CSI-RS measurements can be performed over larger bandwidth with shorter periodicity and narrower beams, it would be beneficial to support cell switch using CSI-RS measurements of candidate cell(s). Finally, methods to enhance TA acquisition in LTM should be considered. Specifically, Rel.18 is restricted to TA acquisition without RAR (TA is shared from the serving DU with the cell switch command); this can be suboptimum since it may introduce unacceptable delay thus requiring new ways to estimate/acquire/maintain TA.
Observation 1:Current specifications do not allow for introducing the merits of LTM such as faster cell switch triggering and lower interruption time in inter-CU deployments. 
Observation 2: The key performance metrics of the LTM procedure can be further improved by considering DC, CSI-RS measurements and enhancements of the TA acquisition procedures.
The interruption time of the mobility procedures needs to be reduced to make sure the connection up time is enhanced. This is critical for use-cases that have strict end to end delay requirements such as Future Railway Mobile Communication Systems (FRMCS,), Ultra Reliable Low Latency Communications  (URLLC) and similar. This is previously specified through dual active protocol stack, however, this is a complex feature and other enhancements can be achieved to lower the interruption time, such as RACH-less handover. However, these improvements currently are not specified for layer 3 mobility features (handover and CHO).  as such the RACH-less handover procedure should be defined for NR. 
Observation 3: RACHless (C)HO enables latency reduction for L3 mobility
In a case where UE mobility pattern is not changing frequently, UE is executing handover within only a limited set of PCells. After each cell change the target cell configuration has to be re-signalled to the UE. This means UE has to receive close to identical target cell information repeatedly via unnecessary RRCReconfigurations. The subsequent cell changes with rapidly changing UE mobility pattern is an issue for preparation and execution of the handover. In such scenarios the signalling from the network side may prove to be quite slow and causing extra delays in handover procedures. Using subsequent change of MCG can be a solution to resolve this issue.
Observation 4: Subsequent change of MCG enables the signalling and latency reduction in mobility procedures. 
Beam specific mobility key performance metrics have been introduced in SA5 to enable beam specific Mobility robustness optimisation, e.g., the network can collect successful handover statistics with respect to serving beam and the target beam. Optimizing handover decisions based on the serving beam, as it provides more granular information, decreases mobility failures. Currently, update of handover parameters such as time to trigger and cell individual offset requires updating these parameters through RRC signalling each time UE moves to a new beam . This can be avoided if the handover parameters such as TTT and CIO are defined for beam or beam group.
Observation 5: L3 mobility can be enhanced by allowing beam specific offsets and also possibly time to trigger parameters
2.2	Potential objectives
Our proposal for the detailed objectives of this work item are:

1. Specify inter-CU L1/L2 triggered mobility procedure. [RAN1, RAN2, RAN3, RAN4]
a. Rel. 18 LTM procedure is considered as baseline.
b. PCell change with PSCell change scenario is supported.
2. Specify L1/L2 enhancements to Rel-18 LTM procedure. [RAN1, RAN2, RAN3, RAN4] 
a. Specify CSI-RS based LTM procedure
b. Specify event triggered L1 measurement reporting
c. L3 measurement results reporting in L1 measurement report
d. Rel-18 LTM leftovers including inter-cell beam indication and early TA acquisition.
3. Specify reduced interruption time and mobility robustness improvement for high layer mobility procedures:
a. at least, L3 RACH-less Handover/CHO. Rel. 18 Timing Advance (TA) acquisition is considered as baseline i.e. UE based TA estimation and early TA acquisition  [RAN1, RAN2, RAN3, RAN4]
b. Specify subsequent CHO (L3 mobility). [RAN2, RAN3, RAN4]
i. Rel. 18 selective activation for SCG is considered as baseline.
ii. Selective activation is limited to CHO with single connectivity. 
4. Specify signaling for beam specific handover [RAN2, RAN3, RAN4]
a. Handover parameters, e.g., TTT, CIO are extended to trigger handover based on beam\beam group specific manner.
b. Specify if needed signaling for disaggregated architecture.
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Detailed discussions on Objective 1
· For network wide use of LTM, Rel. 19 should cover all relevant scenarios possible with baseline handover. 
· Rel. 18 LTM is specified  for intra-CU scenario. In order to have network wide applicability the LTM procedure should support inter-CU handover. 
· Rel. 18 LTM is specified only to maintain the source SCG or releasing the source SCG. Changing the PSCell is not supported. This is a drawback compared to the baseline handover and WGs should work to support that.

Detailed discussions on Objective 2
· Rel. 18 LTM introduced a new measurement and reporting framework. The initial Rel-18 measurement and reporting framework is still quite limited and causes extra energy consumption for the UE. For instance, as part of the measurement framework, only SSB-based LTM candidate cell measurements are supported, and periodic, semi-persistent and aperiodic measurement reporting are used for all candidate LTM cells. 
· Rel. 18 LTM introduced periodic, semi-persistent and aperiodic L1 measurement reports for candidate cell. Configuring the UE with an event-based reporting mechanism which would enable UE to report measurements selectively would reduce extra measurement burdens on the UE." This can be achieved if UE is configured with an event-based reporting mechanism where UE would report measurements selectively.
· Rel. 18 LTM supports only SSBs. SSB-based measurement, whichprovide limited channel state information, which is typically insufficient for achieving cell switching with high modulation and coding for downlink/uplink control/data transmission/reception in the target cell. Compared to baseline handover which supports CSI-RS signals, this is a clear disadvantage. Therefore, CSI-RS based measurement and reporting for candidate cells should be supported to fill this gap. 
· Due to severe limitations on the number of cells on which UEs are able to perform L1 measurements, RAN4 discussed an option to report L3 measurements in L1 measurement report on LTM candidate cells in Rel-18.  Many companies were supporting this in RAN4 but due to the lack of time, and coordination needed in RAN1/2 the feature was not added. eporting L3 measurements in L1 measurement report would ensure UE to be able to report a larger number of candidate cells than with L1 measurements only. 
· Rel-18 beam indication procedure supports early TCI activation and indication for the target cell. Enhancements such as support of beam indication before the cell switch, retention of activated TCI states for subsequent cell switches, and support of different TCI frameworks in source and target cells may not be handled in Rel-18 due to limited time and should be considered in Rel-19 enhancements.
· Rel-18 introduced the support of UE-based TA measurements for RACH-less LTM, but when/how the UE-based TA measurement is performed might be left to UE implementation. To properly exploit the benefits of such a scheme, details such as introducing network signalling to trigger UE-based TA measurement, timing requirements for the UE to acquire UE-based TA measurement, etc., which may not be fully developed in Rel-18 due to limited time should be considered in Rel-19 LTM enhancements.  

Detailed discussions on Objective 3
· Further improvements on interruption time reduction and mobility robustness enables seamless mobility. On reduced interruption time, in LTE, RACH-less handover is possible if the timing advance is 0. In NR RACH-less L3 handover procedure is not enabled. Moreover, in Rel. 18, also there are scenarios where UE can acquire the timing advance for the target cell for the LTM procedure. Two procedures specified are early timing advance acquisition procedure and UE based timing advance estimation. On the topic of mobility robustness, subsequent cell change has been proposed in Rel. 18 to improve the fast subsequent cell change procedure. The objective was limited to SCG due to time constraints. 
· The first part of the objective is to define a handover procedure where the handover is executed in a RACHless manner.
· This would be agnostic to the timing advance acquisition procedure used. 
· Second part of the objective is to define how the UE can re-use the timing advance acquisition techniques defined for Rel. 18 LTM in L3 handover procedures.
· LTM procedure has introduced interruption time reduction procedures. These procedures cannot be used for the existing L3 mobility procedure. Enabling these new interruption time reduction procedures to existing L3 mobility procedures without requiring LTM implementation in the networks/UEs and thus can decrease their time to market. 
· In case of quick cell change the network may not have enough time to receive the measurement report and send UE the handover command or the conditional handover configuration. Allowing subsequent CHO would solve this issue where UE has target cell configuration for subsequent cell change.


Detailed discussions on Objective 4
· The current handover parameters such as TTT and CIO are cell specific. Every time UE moves to a new beam,  the network has to reconfigure the UE with new TTT and CIO values to use beam specific optimisation of handover parameters. In order to avoid that,
· Enhance TTT and CIO to be beam/beam-group-specific in order to enhance conditional configuration execution and reporting configuration. 
· In case of disaggregated architecture, the TCI state switch information might not be visible to the centralized unit to make a beam specific handover decision at RRC level. So the beam change indication can be forwarded to the centralized unit to make handover decisions based on the current beam of the UE.

3	Conclusions
In this contribution, we discussed the motivation for the work item on Mobility Enhancements in Rel-19 and provided details of the work that each objective requires.  The following is proposed:
Proposal:	Agree to include a RAN2-lead work item on Mobility enhancements in Rel-19 including the objectives as listed above.
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