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[bookmark: _Ref178064866]Introduction
According to the WI [1], the following objective is captured:
- MRO enhancement for R18 mobility mechanisms, including, Lower layer triggered mobility (LTM), CHO with candidate SCGs, subsequent CPAC [RAN3, RAN2]:
Here we provide some analysis on MRO enhancement for R18 mobility mechanisms.
Discussion
1.1 MRO for L1/L2-Triggered Mobility
The following text is captured in TS38.300 on LTM:
LTM is a procedure in which a gNB receives L1 measurement report(s) from a UE, and on their basis the gNB changes UE serving cell by a cell switch command signalled via a MAC CE. The cell switch command indicates an LTM candidate configuration that the gNB previously prepared and provided to the UE through RRC signalling. Then the UE switches to the target configuration according to the cell switch command.
According to above description, LTM candidate configuration may include several candidate cells which is similar as CHO. But for the execution condition, i.e. the trigger of handover, CHO and LTM is different. For CHO, UE evaluating the execution condition(s) which is configured via RRC signaling before handover. Once the execution condition(s) is satisfied, UE would execute CHO. While for LTM, gNB first receives L1 measurement report(s) from a UE, and gNB changes UE serving cell by a cell switch command signaled via a MAC CE.
In CHO, optimization on candidate cell list and related execution condition(s) is the one of objectives for MRO. For the same reason these configurations may be also needed to be optimized in MRO for LTM. So, we propose to take MRO for CHO as base line for MRO for LTM.
Proposal 1: It is proposed to take MRO for CHO as the base line for MRO for LTM.
The following LTM scenario is captured in TS38.300.
-	Dual connectivity scenario, PCell and MCG SCell(s) change and intra-SN PSCell and SCG SCell(s) change without MN involvement. LTM for simultaneous PCell and PSCell change is not supported.
According to TS38.300, LTM for PCell change and LTM for PSCell change are supported in R18. But we propose to first discuss MRO for LTM for PCell change because of limited time, and if time allowed, MRO for LTM for PSCell change could be discussed after that.
Proposal 2: It is proposed to first discuss MRO for LTM for PCell change. If time allowed, MRO for LTM for PSCell change could be discussed after that.
On MRO for LTM for PCell change, some information which may be used for MRO can only be recorded by UE, for example, L1 measurement result when failure occurs. While others could be kept by either network or UE, for example, ltm-Config transferred from gNB to UE for configuring LTM. So there may be network based solution and/or UE based solution to kept failure information. Since C-RNTI in the source PCell and timeConnFailure has been included in RLF report to retrieve UE context kept in network, there would be no standard impact for network based solution. For UE based solution, the RLF report can be enhanced to capture LTM related failure information. Both Network based solution and/or UE based solution could be used to record failure information for MRO for LTM for PCell change.
Proposal 3: It is proposed to support both UE based solution (reusing RLF report) and network based solution on MRO for LTM PCell change.
As for sub-optimal successful LTM event, SHR may be enhanced for analysis of near failure handover. For the time reason, we propose to discuss successful LTM after the real LTM failure.
Proposal 4: It is proposed to discuss the MRO for successful LTM after MRO for LTM.

1.2 MRO for CHO with candidate SCGs
[bookmark: _Hlk134102519]CHO with candidate SCG(s) is introduced in R18 and 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. Similarly, CHO with target SCG which is introduced in R17 is defined as a PCell change with PSCell addition/change that is executed by the UE when the execution conditions for only candidate PCell is met.
MRO for CHO with candidate SCG(s) is captured in WI while MRO for CHO with target SCG is not captured. Supporting MRO for CHO with target SCG may not introduce extra work because CHO with target SCG can be seen as a special case of CHO with candidate SCG(s) with absent execution conditions of PSCell. As a valuable scenario, CHO with target SCG should also be considered.
Proposal 5: It is proposed to also support MRO for CHO with target SCG in R19 because there is no extra work is expected compared with CHO with candidate SCGs.
If the execution conditions are not met for CHO with candidate SCG, the configuration and execution of CHO with target SCG or only CHO may helpful for reducing connection failure. So, it is a reasonable scenario to configure CHO with candidate SCG(s), CHO with target SCG and only CHO at the same time for UE and MRO for this scenario should be considered.
Proposal 6: It is proposed to support MRO for a case that UE is configured with CHO with target SCG, legacy CHO and CHO with target SCG simultaneous.
As for the procedures in PCell and PSCell changes, the following scenarios may be considered.
Scenario A: UE changes from PCell 1/PSCell A to PCell 2/ PSCell B. After successful handover from PCell 1 to PCell 2, the following may occur:
A1）Shortly after successful PCell change from PCell 1 to PCell 2, RLF occurs in PCell2. While PSCell change from PSCell A to PSCell B is successful.
A2）PSCell change failure occurs from PSCell A to PSCell B or Shortly after successful PSCell change from PSCell A to PSCell B, SCG failure occurs in PSCell B.
A3）Shortly after successful PCell change from PCell 1 to PCell 2, RLF occurs in PCell2. While PSCell change failure occurs from PSCell A to PSCell B or shortly after successful PSCell change from PSCell A to PSCell B, SCG failure occurs in PSCell B.
Scenario B: UE changes from PCell 1/PSCell A to PCell 2/ PSCell B. Handover failure occurs from PCell 1 to PCell 2, at the same time, the following PSCell changes may occur:
B1）successful PSCell change from PSCellA to PSCellB；
B2）PSCell change failure occurs from PSCell A to PSCell B or Shortly after successful PSCell change from PSCell A to PSCell B, SCG failure occurs in PSCell B；
In case of failure scenario A1 and B1, legacy RLF Report may be used to record MCG failure.
In case of failure scenario A2, SCGFailureInformation message may be used to record SCG failure.
While for A3 and B2, both MCG and SCG failure should be recorded. RAN3 has to discuss how to record the both MCG and SCG failure information. 
Proposal 7: It is proposed for RAN3 to discuss how to record both MCG and SCG failure information in case of A3 and B2 scenarios.
If PCell 2/PSCell B taking as last serving node, they may receive failure report from UE or third node, i.e. RLF Report or/and SCGFailureInformation message. After MRO analysis, PCell 1/PSCell A may be informed to perform optimization. Xn interface message may be enhanced to provide RLF Report or/and SCGFailureInformation message from PCell 2/PSCell B to PCell 1/PSCell A.
Proposal 8: It is proposed to enhance XN interface message to transfer RLF Report or/and SCGFailureInformation message between handover source and target NG-RAN.
As for sub-optimal successful CHO with candidate SCGs and CHO with target SCG, SHR or SPR may be enhanced for analysis of successful PCell/PSCell changes. For the time reason, we propose to discuss successful PCell/PSCell changes after the real failure.
Proposal 9: It is proposed to discuss the MRO for near failure CHO with candidate SCGs after MRO for real failure.

1.3 Subsequent CPAC
A Subsequent Conditional PSCell Addition or Change (subsequent CPAC) is defined as a conditional PSCell addition or change procedure that is executed after a PSCell addition, a PSCell change, a PCell change or an SCG release based on pre-configured subsequent CPAC configuration of candidate PSCell(s) without reconfiguration and re-initiation of CPC/CPA. 
The main difference between legacy CPAC and subsequent CPAC is UE keeps the configured subsequent CPAC configuration unless the network indicates to release it. So, legacy MRO for CPAC mechanism can be reused with necessary enhancement.
Proposal 10: It is proposed to reuse legacy MRO for CPAC mechanism with necessary enhancement for MRO for subsequent CPAC.
For legacy MRO for CPAC, SCGfailureInformation message is used to indicate SCG failure information from UE to NG-RAN. As for subsequent CPAC, SCGfailureInformation message can be reused to indicate SCG failure during subsequent CPAC. Some necessary enhancement for SCGfailureInformation message may be needed.
Proposal 11: It is proposed to reuse SCGfailureInformation message to indicate SCG failure for MRO for subsequent CPAC.
After MN or SN initiating the subsequent CPAC, UE can keep the subsequent CPAC configuration and may trigger multiply continuous PSCell change. For example, SN1 as source SN initiate subsequent CPAC, UE perform PSCell change from SN1 to SN2, and then PSCell change from SN2 to SN3. During subsequent CPAC procedure, more NG-RANs and cells than legacy CPAC may be involved. So more failure information for MRO for subsequent CPAC than that for legacy may be needed to perform MRO analysis. In legacy MRO for CPAC, SCG failure information could be kept by network in UE context and/or by UE providing SCGfailureInformation message to network, i.e. network based solution and UE based solution. In order to optimize subsequent CPAC, UE based solution or/and network based solution still can be used. RAN3 could discuss which failure information is needed for MRO for subsequent CPAC and which solution is suitable.
Proposal 12: It is proposed for RAN3 to discuss which failure information is needed for MRO for subsequent CPAC and which solution (UE based or network based or both) is suitable.
Network can keep UE context which is the same as MRO for legacy CPAC. So, we propose only the failure information cannot be known or stored by network should be included in SCGfailureInformation message to decrease Uu message length.
Proposal 13: It is proposed to include SCG failure message which is only known by UE in SCGfailureInformation message.
When configured subsequent CPAC, UE may perform frequent and repeated PSCell change. According to current specification, these connected PSCell should be recorded in UHI and may trigger optimization for PSCell ping-pong issue.
We are not sure whether there is ping-pong issue during subsequent CPAC triggered frequent and repeated PSCell change. 
We propose RAN3 to discuss this question and decided how to record PSCell information in UHI according.
Proposal 14: It is proposed for RAN3 to discuss whether there may be ping-pong issue during subsequent CPAC triggered frequent and repeated PSCell change.
Conclusions
MRO for L1/L2-Triggered Mobility:
Proposal 1: It is proposed to take MRO for CHO as the base line for MRO for LTM.
Proposal 2: It is proposed to first discuss MRO for LTM for PCell change. If time allowed, MRO for LTM for PSCell change could be discussed after that.
Proposal 3: It is proposed to support both UE based solution (reusing RLF report) and network based solution on MRO for LTM PCell change.
Proposal 4: It is proposed to discuss the MRO for successful LTM after MRO for LTM.
MRO for CHO with candidate SCGs:
Proposal 5: It is proposed to also support MRO for CHO with target SCG in R19 because there is no extra work is expected compared with CHO with candidate SCGs.
Proposal 6: It is proposed to support MRO for a case that UE is configured with CHO with target SCG, legacy CHO and CHO with target SCG simultaneous.
Proposal 7: It is proposed for RAN3 to discuss how to record both MCG and SCG failure information in case of A3 and B2 scenarios.
Proposal 8: It is proposed to enhance XN interface message to transfer RLF Report or/and SCGFailureInformation message between handover source and target NG-RAN.
Proposal 9: It is proposed to discuss the MRO for near failure CHO with candidate SCGs after MRO for real failure.
Subsequent CPAC:
Proposal 10: It is proposed to reuse legacy MRO for CPAC mechanism with necessary enhancement for MRO for subsequent CPAC.
Proposal 11: It is proposed to reuse SCGfailureInformation message to indicate SCG failure for MRO for subsequent CPAC.
Proposal 12: It is proposed for RAN3 to discuss which failure information is needed for MRO for subsequent CPAC and which solution (UE based or network based or both) is suitable.
Proposal 13: It is proposed to include SCG failure message which is only known by UE in SCGfailureInformation message.
Proposal 14: It is proposed for RAN3 to discuss whether there may be ping-pong issue during subsequent CPAC triggered frequent and repeated PSCell change.
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