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1	Introduction
In this paper, we discuss potential MRO enhancements for R18 mobility mechanisms for the following objective in Rel-19 SON/MDT WI.

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]
2	Discussion
2.1 MRO for LTM
RAN3#123bis made the following agreements on MRO for LTM:
Work on scenarios of near failure LTM
Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell

For the potential failure cases, RAN2#125bis made the following agreements on MRO for LTM:
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.

The following sub-cases in [1] are illustrated as below:


Fig.1 too late LTM


Fig.2 too early LTM


Fig.3 LTM to wrong cell
The division of failure cases for LTM is similar as those for handover, since the LTM is built and augmented on top of L3 handover. For handovers, the SON features including the radio link failure (RLF) report and successful handover report (SHR) provides the UE feedback information. The RLF and SHR could be augmented to also provide useful feedback information to address the LTM mobility issues.
 Upon reception of RLF report, UE feedback addressing LTM failure cases are needed to help the last serving gNB perform the root cause analysis and adjust the related parameters accordingly. To facilitate the further discussion, we illustrate the steps during the LTM procedure to have a retro on the design of Rel-18 LTM feature, compared to those during legacy L3 handover.
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From our point view, at least the handover type indicating LTM is beneficial for gNB to distinguish from those L3 handovers. Therefore, we propose: 
Proposal 1: RAN2 include the handover type indicating LTM in RLF report for gNB to distinguish from those L3 handovers.

We could see that the LTM is still a network triggered handover. Similar as the L3 handover, the CU provides the candidate cell set based on L3 measurement report. However, during the LTM procedure, the DU makes the handover decision to select a target cell based on UE assisted L1 measurement reporting, in contrary to that the CU makes the handover decision to select a target cell based on UE assisted L3 measurement reporting. We identify that the decision on candidate cell set and target cell are made on different basis at different time points, i.e. L3 measurement report and L1 measurement report, respectively. Thus, in order for the gNB to analyse the HO decision, the UE should indicate the LTM candidate cell, the available L3 measurement results and the available L1 measurement results at the time of connection failure.
Proposal 2: RAN2 include the LTM candidate cell, available L3 measurement results and available L1 measurement results at the time of connection failure in the RLF report. 

When the HOF/RLF occurs in the target cell, the specific access type should be available to the gNB, i.e. whether it is RA-based or RA-less cell switch. 
Proposal 3: RAN2 include the specific access type in the RLF report, i.e. whether it is RA-based or RA-less cell switch. 

Another distinct nature of LTM is that the UE could perform the early UL sync or UE-based TA measurement in order to perform a RACH-less cell switch towards the target cell. It is beneficial for the UE to recognize the RA-based cell switch as a near failure, since the UE is supposed to benefit from the LTM feature by performing a RACH-less access. Therefore, a RA-based access could be viewed as a sub-optimal LTM mobility incident. We recommend, the RA-based access is a SHR trigger for LTM feature.
Proposal 4: Introduce the RA-based cell switch as a SHR trigger for addressing the sub-optimal LTM mobility issues.

For the aforementioned early UL sync procedure, the UE may perform early UL sync procedure towards multiple candidate cells, which is subject to DU’s PDCCH order. Furthermore, we think that the early UL sync attempt is pretty much similar as the on-demand SI procedure. In order for the DU to detect the orchestration issues for different candidate cells, how many early UL sync attempts per each candidate cell and the target cell ID indicated in the LTM HO command should be indicated in the RA report.
Proposal 5: How many early UL sync attempts per each candidate cell ID and the target cell ID indicated in the LTM HO command should be indicated in the RA report.

2.2 MRO for CHO with candidate SCGs
RAN2#125bis achieved the following agreement on MRO for CHO with candidate SCGs:
RAN2 to study failure and near failure scenarios for CHO with candidate SCGs.

CHO with candidate SCG(s) is defined as a PCell change with PSCell addition/change that is executed by the UE when the execution conditions for both candidate PCell and the associated candidate PSCell are met as specified in TS 37.340. In another word, the UE does not execute CHO with candidate SCG(s) until the execution conditions for both the candidate PCell and the associated candidate PSCell are met. In addition, MRO for CHO is introduced in R17, while MRO for CPAC and Fast MCG Recovery are both introduced in R18. According to the WID, the objective intends to study the MRO enhancement for R18 mobility mechanisms, which explicitly includes the CHO with candidate SCG(s). Since some special failure cases for the CHO with candidate SCG(s) can be handled by existing MRO mechanisms, it is proposed that, 
Proposal 6: RAN2 should focus on the failure scenarios for CHO with candidate SCGs which can not be handled by existing MRO mechanisms.

In the last RAN3 meeting, RAN3 [2] discussed the following 9 failure cases for CHO with candidate SCGs as a starting point for further evaluation. 
[image: ]
Figure 5: Potential failure cases for CHO with candidate SCGs
From our understanding, case 1) to case 3) can be categorized as the too-late cases due to at least one execution condition is not met, which causes the CHO with candidate SCGs can not be executed, while case 7c), case 8c) and case 9d) belong to the dual failure scenarios never considered before. These two aspects need to be further investigated. As for the remaining failure cases, maybe the existing MRO mechanisms defined for legacy CHO and CPAC are sufficient to solve them.
Proposal 7: RAN2 need to further study too-late cases and discuss whether to study dual failure cases.

Some companies also suggest to take near failure scenarios into account. It is reasonable but better to be discussed later since the near failure cases are sub-optimal success cases for CHO with candidate SCGs rather than real failure cases.  From above we can see that there are a number of real failure cases for further research. Herein, the study of near failure cases should be down-prioritized.
Proposal 8: RAN2 need to study the failure cases for CHO with candidate SCGs preferably.

2.3	MRO for subsequent CPAC
In subsequent Conditional PSCell Addition or Change (subsequent CPAC) scenarios, the mobility may be enhanced by the addition information transferred between MN and SN, or between SNs. If so, this is mainly about RAN3 discussions, so RAN2 impacts are not observed. However, we are open to the potential cooperation in RAN2 if needed, after RAN3 has some agreements on the cases and solutions.
Proposal 9: For S-CPAC, RAN2 to wait for RAN3 progress and do the high level discussion on which cases supported by legacy and which cases needs enhancement.

[bookmark: _GoBack]3	Conclusion
In this paper, we provide technical analysis for MRO enhancement for Rel-18 mobility, and we have the following proposals:
Proposal 1: RAN2 include the handover type indicating LTM in RLF report for gNB to distinguish from those L3 handovers.
Proposal 2: RAN2 include the LTM candidate cell, available L3 measurement results and available L1 measurement results at the time of connection failure in the RLF report. 
Proposal 3: RAN2 include the specific access type in the RLF report, i.e. whether it is RA-based or RA-less cell switch. 
Proposal 4: Introduce the RA-based cell switch as a SHR trigger for addressing the sub-optimal LTM mobility issues.
Proposal 5: How many early UL sync attempts per each candidate cell ID and the target cell ID indicated in the LTM HO command should be indicated in the RA report.
Proposal 6: RAN2 should focus on the failure scenarios for CHO with candidate SCGs which can not be handled by existing MRO mechanisms.
Proposal 7: RAN2 need to further study too-late cases and discuss whether to study dual failure cases.
Proposal 8: RAN2 need to study the failure cases for CHO with candidate SCGs preferably.
Proposal 9: For S-CPAC, RAN2 to wait for RAN3 progress and do the high level discussion on which cases supported by legacy and which cases needs enhancement.

4	Annex
[1] R2-2402281, Discussion on LTM SON enhancements, Fujitsu
[2] R3-241910, Discussion on MRO for CHO with candidate SCGs and S-CPAC, Samsung
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