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1   Introduction
According to the RAN plenary #102 meeting, the work item on SON/MDT in NR standalone and MR-DC is approved [1] with objectives listed as following:
	[bookmark: OLE_LINK35][bookmark: _Hlk162445187]The objective of this work item is to specify data collection enhancement in NR standalone and MR-DC for SON/MDT purpose. The specific objectives of this work item are:
[bookmark: OLE_LINK31][bookmark: OLE_LINK17]- 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]
- Support of SON/MDT enhancements for [RAN3, RAN2]:
· Intra-NTN mobility
· Network Slicing
- Support of the leftovers in Rel-18 SON/MDT [RAN3, RAN2]:
· RACH optimization for SDT
· MHI Enhancement for SCG Deactivation/Activation
· MRO for MR-DC SCG failure
If needed, co-operate with RAN1, SA2, SA5, CT4.



In this paper, we aim at starting the discussion on MRO enhancement for Rel-18 mobility features including LTM, CHO with candidate SCGs and subsequent CPAC.
2   Discussion
2.1 MRO for LTM
LTM has been standardized in Rel-18. The goal of this feature is to enable a serving cell change via L1/L2 signalling to reducing the latency, overhead and interruption time. The principle is the following:
1) LTM preparation: The gNB prepares LTM candidate cell and sends the configuration to the UE via RRC message.
2) Early synchronization: The UE performs DL synchronization to the candidate cells. The UE preforms UL synchronization (TA acquisition) to the candidate cells, e.g., by PDCCH ordered early RACH or UE based TA acquisition.
3) LTM cell switch execution: after receiving the L1 measurement report, the gNB sends the LTM MAC CE to trigger cell switch which could be RACH-less if early synchronization is completed.
4) LTM cell switch completion: If Cell switch is RACH-less, after first UL message transmission to the target cell, the UE considers LTM successful when receiving either DL assignment or UL grant addressed to same HARQ process for the first UL message. If Cell switch is RACH based, the UE considers LTM successful when RACH is successfully completed.


Fig.1 Rel-18 LTM only supports intra-gNB cell switch
Similar as for the legacy handover, the mobility decisions of the DU may lead to too late, too early, or wrong cell handover.
Compared with legacy L3 handover, we notice that the LTM intends to further reduce the handover interruption time with the newly introduced procedures: L1 measurement result for the DU’s handover decision, the early UL synchronization for RACH-less cell switch. The network does not know how to optimize the handover decision and how to assure that the cell switch is RACH-less as much as possible. 
We identify that, in LTM, the same timers, e.g. T310, T312, and T304 are used to detect the RLF in source cell and HOF. Therefore, we understand that the existing triggering conditions of SHR including T310, T312 and T304 trigger, introduced for L3 handover such as legacy HO, CHO and DAPS, are also applicable to LTM.
In case of LTM, the network would benefit from optimizing the handover decision made by the DU to reduce failures and in addition how to assure that the cell switch is RACH-less as much as possible.
[bookmark: _Toc163050976][bookmark: _Toc163051100][bookmark: _Toc163051189][bookmark: _Toc163051314][bookmark: _Toc163468794][bookmark: _Toc163477296][bookmark: _Toc163477306]MRO for LTM should include the error cases: Too late, Too early and wrong cell.
[bookmark: _Toc163050977][bookmark: _Toc163051101][bookmark: _Toc163051190][bookmark: _Toc163051315][bookmark: _Toc163468795][bookmark: _Toc163477297][bookmark: _Toc163477307][bookmark: _Toc163481509]MRO for LTM should also allow the optimization of early UL synchronization
[bookmark: _Toc163468796][bookmark: _Toc163477298][bookmark: _Toc163477308][bookmark: _Toc163481510]MRO for LTM should also allow the optimization of near failure cases
When discussing the potential solutions for failure cases, we prefer to reuse the principles from previous work on MRO. Similar to the analysis for the legacy failure cases, the UE is the best node to collect information about the failure. Further, it is also considered that it is the CU that performs the mobility decisions that should analyse the failure cases. 
[bookmark: _Toc163050978][bookmark: _Toc163051102]
[bookmark: _Toc163050979][bookmark: _Toc163051103][bookmark: _Toc163051192][bookmark: _Toc163051316][bookmark: _Toc163468797][bookmark: _Toc163477299][bookmark: _Toc163477309][bookmark: _Toc163481511]The network needs to be aware of LTM failure due to L1 measurement or candidate cell set, i.e. UE reporting is needed.
[bookmark: _Toc163050980][bookmark: _Toc163051104][bookmark: _Toc163051193][bookmark: _Toc163051317][bookmark: _Toc163468798][bookmark: _Toc163477300][bookmark: _Toc163477310][bookmark: _Toc163481512]The information from the UE on LTM failures is retrieved by a gNB (gNB-CU) and forwarded to the gNB-DU that performed the mobility decision
Related to this, there is also an unavoidable discussion on what information is needed from the UE. We propose to rely on a principle that any information known in the network is not needed from the UE and that it is assumed that the gNB-CU can store information needed for the analysis as long as the information provided by the UE allows the gNB-DU to identify the context.
[bookmark: _Toc163050981][bookmark: _Toc163051105][bookmark: _Toc163051194][bookmark: _Toc163051318][bookmark: _Toc163468799][bookmark: _Toc163477301][bookmark: _Toc163477311][bookmark: _Toc163481513]MRO for LTM : UE only reports information not known in the network, and gNB-DU can store enough information needed in the analysis of the failure.
Since the mobility decisions are split between CU and DU (e.g. since CU provide the candidate set) , we may also need to discuss how the gNB-CU is made aware that the selection of candidate cells may need to be revised. This can either be done by the gNB-CU when receiving the forwarded information from the UE, or after the analysis in the gNB-DU. In the latter case, a feedback from gNB-DU is needed. This could be discussed at a later stage.
Regarding optimization of early UL synchronization, we assume that since this is controlled by the gNB-DU, the impact on the specification may be limited. So far we did not see any direct impact, but we suggest to keep this use case open in order to verify this.
2.2 MRO for CHO with candidate SCGs
To mitigate the UE throughout impact, R18 mobility enhancements include CHO with candidate SCGs. The related flow chart is shown as below.


Fig.2 Rel-18 CHO with candidate SGCs procedure
The main procedure can be concluded as the following phases:
1) Phase 1: The initiation of CHO with candidate SCGs
The source MN starts the CHO procedure to the candidate MN by initiating the Xn handover preparation procedure. The candidate MN determines the candidate SN(s) based on the latest measurement results and initiates the SN addition procedure. After the successful addition with the candidate SN(s), the candidate MN includes the CHO with candidate SCG(s) configuration in the MN RRC reconfiguration message and responds the execution condition of candidate PSCell(s) to the source MN.
2) Phase 2: RRC reconfiguration to UE
The source MN sends the RRC reconfiguration message to the UE, including the candidate SCG(s) configuration received from the candidate MN in Phase 1. Then the UE stores this configuration.
3) Phase 3: UE Evaluation and execution
The UE starts evaluating whether the execution condition for the candidate PCell(s) and the candidate PSCells are both met. If both met, CHO with candidate SCG(s) will be executed. The UE can synchronize to the candidate MN and candidate SN by using the stored configuration.
[bookmark: _Hlk163050217]It is possible that the CHO with candidate SCG(s) may be executed unsuccessfully during the Phase 3. However, the network is unaware of the failure cause, which would be beneficial in order to optimize CHO with candidate SCGs configuration.
In case of CHO with candidate SCGs, the network is unaware of the failure cause, which would be beneficial in order to optimize CHO with candidate SCGs configuration.
To be specific, one failure case could be the single failure at the source side or the target side, like the RLF at the source MN/the source SN during the handover preparation procedure or the RLF at the target MN/the target SN during the handover execution procedure, etc. Another failure case could be the dual failure at the source side or the target side. For example, the RLF is occurred at both the source MN and the source SN during the handover preparation procedure, or at both the target MN and the target SN during the handover execution procedure, etc. Hence, it is suggested RAN3 to discuss the details of the above failure cases and consider how to perform MRO for them.
More specifically, we think that the legacy solutions could solve all cases except the too late handover (RLF/HOF). In this case, the failure occurs because not all conditions are met, but in order to analyse this and hopefully adjust the parameters to trigger the handover at an earlier stage, the source node need to know which of the conditions are met and which are not. 
[bookmark: _Toc163050982][bookmark: _Toc163051106][bookmark: _Toc163051195][bookmark: _Toc163051319][bookmark: _Toc163468800][bookmark: _Toc163477302][bookmark: _Toc163477312][bookmark: _Toc163481514]RAN3 discuss the detailed failure cases for CHO with candidate SCGs due to the single/dual failure at both the source side and the target side.
[bookmark: _Toc163050983][bookmark: _Toc163051107][bookmark: _Toc163051196][bookmark: _Toc163051320][bookmark: _Toc163468801][bookmark: _Toc163477303][bookmark: _Toc163477313][bookmark: _Toc163481515]RAN3 to initially focus on the too late case for CHO with candidate SCGs .

2.3 MRO for 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. As standardized in Rel-18, the target SN(s) receive the SCG UHI from the MN via SN Addition Request message for CPC, which is at the preparation phase of the subsequent CPAC, as shown in Fig.3. Hence, for further CPC, the subsequent target SNs are not able to have the access to the latest SCG UHI, which may hinder the timely and precise operations of target SNs, e.g., parameter optimization, resource allocation, etc.

[image: ]
Fig.3 SCG UHI is only informed at the preparation phase via SN Addition Request

[bookmark: _Hlk162702905]Based on the current subsequent CPAC procedures, the target SNs are not able to obtain the latest PSCell information in the subsequent CPC. Hence, these target SNs use the outdated information for subsequent optimization or scheduling.
Notice that the updated PSCell information can be obtained by MN and source SN, it is natural to inform the subsequent target SNs via Xn messages. Based on above analysis and observation, we have the following proposal to avoid such issue.
[bookmark: _Toc163051197][bookmark: _Toc163051321][bookmark: _Toc163468802][bookmark: _Toc163477304][bookmark: _Toc163477314][bookmark: _Toc163481516][bookmark: _Toc163050984][bookmark: _Toc163051108]For subsequent CPAC procedures, RAN3 to agree that the updated UHI shall be sent to subsequent target SNs from MN, e.g., via SN Reconfiguration Complete message, or from the source SN, e.g., via Xn-U message after receiving the Xn-U Address Indication message.
Regarding other impact, we did not yet spot any potential impact on the failure case and therefore assume that the legacy mechanisms can handle this. Nevertheless, it seems prudent to allow for further check of this by including the failure case in the scoped to be further discussed:
[bookmark: _Toc163050985][bookmark: _Toc163051109][bookmark: _Toc163051198][bookmark: _Toc163051322][bookmark: _Toc163468803][bookmark: _Toc163477305][bookmark: _Toc163477315][bookmark: _Toc163481517]Further evaluate if there is any impact on the legacy failure cases from subsequent CPAC procedures

3   Conclusion
In this paper, we provide the following proposals:
Proposal 1	MRO for LTM should also allow the optimization of early UL synchronization
Proposal 2	MRO for LTM should also allow the optimization of near failure cases
Proposal 3	The network needs to be aware of LTM failure due to L1 measurement or candidate cell set, i.e. UE reporting is needed.
Proposal 4	The information from the UE on LTM failures is retrieved by a gNB (gNB-CU) and forwarded to the gNB-DU that performed the mobility decision
Proposal 5	MRO for LTM : UE only reports information not known in the network, and gNB-DU can store enough information needed in the analysis of the failure.
Proposal 6	RAN3 discuss the detailed failure cases for CHO with candidate SCGs due to the single/dual failure at both the source side and the target side.
Proposal 7	RAN3 to initially focus on the too late case for CHO with candidate SCGs .
Proposal 8	For subsequent CPAC procedures, RAN3 to agree that the updated UHI shall be sent to subsequent target SNs from MN, e.g., via SN Reconfiguration Complete message, or from the source SN, e.g., via Xn-U message after receiving the Xn-U Address Indication message.
Proposal 9	Further evaluate if there is any impact on the legacy failure cases from subsequent CPAC procedures


4   Reference
[1] RP-234028, New WID: Data collection for SON (Self-Organising Networks)/MDT (Minimization of Drive Tests) in NR standalone and MR-DC (Multi-Radio Dual Connectivity) Phase 4.
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