	
[bookmark: _Hlk19781073][bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #124	R3-243165
[bookmark: _Hlk19781143]Fukuoka, Japan, 20 – 24 May, 2024


Title:	MRO enhancement for R18 mobility mechanisms
Agenda Item:	10.2
Source:	Huawei
Document for:	discussion
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]
According to the last RAN3#123bis meeting, the agreements related to MRO enhancement for R18 mobility mechanism are shown below [1]:
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
MRO for CHO with candidate SCG failure and near failure cases
Work on the scenarios of failure in S-CPAC. The optimization of non-failure scenarios (e.g., near failure and ping-pong) is not excluded.
RAN3 focuses on NR-DC for MRO for CHO with candidate SCG in R19.
R19 SON/MDT solution discussion is based on R18 work.
This contribution mainly discusses on the potential scenarios for LTM, CHO with candidate SCGs and subsequent CPAC.
2	Discussion
2.1	MRO for LTM
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 [2] 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 addressing LTM failure cases, potential optimizations performed by the gNB to avoid the failure cases needs to be investigated. 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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[bookmark: _Ref161931023][bookmark: _Ref160374531]Figure 4. Steps during L3 handover and 3 possible LTM approaches
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 there is a role split between CU and DU for selection of target cell. Firstly, the CU provides the candidate Cell set to the source DU. Secondly, based on the L1 measurement report, the source DU select one from the candidate Set as the target Cell. So, both the CU and the source DU should take part in the optimization of selecting a proper target cell.
From the above analysis, both the CU and the source DU need to receive the RLF report. According to the current SON mechanism, the receiving gNB, which fetches the RLF/SHR report from the UE, forwards the RLF/SHR report to the last serving gNB CU. The CU shall further make the RLF/SHR report available to the DU. The existing procedure (i.e., Access and Mobility Indication) over F1 could be reused for LTM.
1. [bookmark: _Toc165723183][bookmark: _Toc165723226][bookmark: _Toc165723272][bookmark: _Toc165971935][bookmark: _Toc165971970][bookmark: _Toc166047045][bookmark: _Toc166047215][bookmark: _Toc166047252][bookmark: _Toc166068599]The CU shall further make the RLF/SHR report available to the source DU via the existing procedure (i.e., Access and Mobility Indication) over F1.
Depending on the failure scenario, the last serving cell may be the source or target node for a mobility event. As discussed before, we assume that we at least need to send the information to the source node. Therefore, the CU may also need to make the RLF/SON report available to a DU other than the last serving DU. The possible approaches for role split between the CU, the source DU and target DU are illustrated as below:
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Figure 4. possible approaches for RLF report forwarding
Regarding the miscellaneous failure cases, we propose to discuss 3 potential RLF forwarding mechanisms between the CU and the DUs:
· Alt.1: Assume that the CU is capable of classifying the error type (too late handover, too early handover and handover to wrong cell). The CU makes the initial analysis and decide the corresponding DU to forward the RLF report to. The DU is still responsible for root cause analysis.
· Alt.2: the CU always forwards the RLF report to the involved DUs, i.e., the source DU and the target DU(s). The involved DUs makes analysis respectively.
· [bookmark: _Toc165723185][bookmark: _Toc165723227][bookmark: _Toc165723273]Alt.3: the CU forwards the RLF report first to the last serving DU. The last serving DU makes initial analysis and may reply by indicating that the other DU causing the failure. Then the CU further forwards the RLF report to the other DU. 
[bookmark: _Toc165971936][bookmark: _Toc165971971][bookmark: _Toc166047046][bookmark: _Toc166047216][bookmark: _Toc166047253][bookmark: _Toc166068600]RAN3 to discuss and agree which mechanism to use for MRO for LTM 
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 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.
1. [bookmark: _Toc165723189][bookmark: _Toc165723231][bookmark: _Toc165723277][bookmark: _Toc165971940][bookmark: _Toc165971975][bookmark: _Toc166047047][bookmark: _Toc166047217][bookmark: _Toc166047254][bookmark: _Toc166068601]It is beneficial 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.
Also, a potential risk has been raised during the Rel-18 discussion of supporting subsequent LTM feature, which is about the ping-pong issue. The L1 measurement may be unstable and leading the handover decision directing UE to access to the same cell back and forth in a limited time. Therefore, we suggest to consider the UHI enhancement for LTM to identify the intra-gNB ping-pong issue. The CU should be responsible to collect the UHI and further provide the latest UHI to the new DU timely. Specifically, the CU collect the UHI in a new cell upon reception of the LTM notification or access success message from the DU.
1. [bookmark: _Toc165723190][bookmark: _Toc165723232][bookmark: _Toc165723278][bookmark: _Toc165971941][bookmark: _Toc165971976][bookmark: _Toc166047048][bookmark: _Toc166047218][bookmark: _Toc166047255][bookmark: _Toc166068602]The CU collect the UHI in a new cell upon reception of the LTM notification or access success message from the DU and further provide the latest UHI to the new DU timely.
2.2	MRO 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, 
[bookmark: _Toc165723191][bookmark: _Toc165723233][bookmark: _Toc165723279][bookmark: _Toc165971942][bookmark: _Toc165971977][bookmark: _Toc166047049][bookmark: _Toc166047219][bookmark: _Toc166047256][bookmark: _Toc166068603]RAN3 should focus on the failure scenarios for CHO with candidate SCGs which cannot be handled by existing MRO mechanisms.
In the last RAN3 meeting, [3] has concluded the following 9 failure cases for CHO with candidate SCGs as a starting point for further evaluation. 
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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 cannot 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. 
[bookmark: _Toc165723192][bookmark: _Toc165723234][bookmark: _Toc165723280][bookmark: _Toc165971943][bookmark: _Toc165971978][bookmark: _Toc166047050][bookmark: _Toc166047220][bookmark: _Toc166047257][bookmark: _Toc166068604]RAN3 agree that enhancements are needed for too-late cases, i.e., for case1) to case3).
[bookmark: _Toc165971944][bookmark: _Toc165971979][bookmark: _Toc166047051][bookmark: _Toc166047221][bookmark: _Toc166047258][bookmark: _Toc166068605]RAN3 discuss and decide whether dual failure cases are included, i.e., for case 7c), 8c) and 9d).
[bookmark: _Toc165971945][bookmark: _Toc165971980][bookmark: _Toc166047052][bookmark: _Toc166047222][bookmark: _Toc166047259][bookmark: _Toc166068606]RAN3 discuss whether enhancements are needed to support the other legacy 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.
[bookmark: _Toc165723193][bookmark: _Toc165723235][bookmark: _Toc165723281][bookmark: _Toc165971946][bookmark: _Toc165971981][bookmark: _Toc166047053][bookmark: _Toc166047223][bookmark: _Toc166047260][bookmark: _Toc166068607]RAN3 need to study the failure cases for CHO with candidate SCGs preferably.
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. In last meeting, RAN3 agreed to consider the failures in the S-CPAC procedure. We’d like to first specify some typical S-CPAC failure/near-failure cases respectively and to discuss the potential solutions. Likewise, the failure cases of S-CPAC are similar to that of CPAC, including the too-early CPAC, to-late CPAC, and CPAC to wrong cell, as defined in TS 37.340:
Too Late CPC Execution: UE receives CPC configuration, while a SCG failure occurs before CPC execution condition is satisfied; a suitable PSCell different from source PSCell is found based on the measurements reported from the UE.
-	Too Early CPC/CPA Execution: CPC/CPA execution is not successful or an SCG failure occurs shortly after a successful CPC/CPA execution; in case of CPC, the source PSCell is still the suitable PSCell based on the measurements reported from the UE; in case of CPA, no suitable PSCell is found based on the measurements reported from the UE.
-	CPC/CPA Execution to wrong PSCell: CPC/CPA execution is not successful or an SCG failure occurs shortly after a successful CPC/CPA execution; a suitable PSCell different from the source PSCell or the target PSCell is found based on the measurements reported from the UE.

The difference mainly lies on the cause of the S-CPAC failures, since some information about UE or candidate PSCells are not updated timely. Thus, RAN3 can follow the failure cases of CPAC as the reference for S-CPAC. 
Proposal 3: [bookmark: _Toc165723194][bookmark: _Toc165723236][bookmark: _Toc165723282][bookmark: _Toc165971947][bookmark: _Toc165971982][bookmark: _Toc166047054][bookmark: _Toc166047224][bookmark: _Toc166047261][bookmark: _Toc166068608]RAN3 to follow the failure cases of CPAC as the reference for S-CPAC. And to discuss whether there exist some unique failure scenarios in S-CPAC.
Proposal 4: [bookmark: _Toc165723195][bookmark: _Toc165723237][bookmark: _Toc165723283][bookmark: _Toc165971948][bookmark: _Toc165971983][bookmark: _Toc166047055][bookmark: _Toc166047225][bookmark: _Toc166047262][bookmark: _Toc166068609]RAN3 to study the failure scenarios and its solutions first. The near-failure scenarios can be handled with similar solutions.
[bookmark: _Toc165723196][bookmark: _Toc165723238]As for the root causes of the failure, we’d like to address two main aspects related to S-CPAC. The first one is that the expired UE information. 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 access the latest SCG UHI, which may hinder the timely and precise operations of target SNs, e.g., parameter optimization, resource allocation, etc. Notice that the UE information is updated to MN, we propose to update the UHI for SNs in the S-CPAC.
Proposal 5: [bookmark: _Toc165723197][bookmark: _Toc165723239][bookmark: _Toc165723284][bookmark: _Toc165971949][bookmark: _Toc165971984][bookmark: _Toc166047056][bookmark: _Toc166047226][bookmark: _Toc166047263][bookmark: _Toc166068610]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.
Another similar information exchange that may be beneficial is that the initiating node may be informed of the outcome of the S-CPAC configuration. S-CPAC requires reservation of resources in advance. The initiating node (MN or SN) could evaluate the selection of candidate cells and possibly the time spent in each cell to evaluate if S-CPAC was beneficial or not. 
In case of MN-initiated S-CPAC, we believe the MN already can get this information, since MN is already responsible for collecting the UHI. But in the case of SN initiated S-CPAC, the source SN may not be aware of what is happening to this UE, since SN is not responsible for collecting this information. The MN could however inform the initiating SN.
[bookmark: _Toc166047057][bookmark: _Toc166047227][bookmark: _Toc166047264][bookmark: _Toc166068611]Proposal 13: RAN3 to discuss whether it is beneficial to inform the source SN about the outcome of mobility events for SN initiated S-CPAC.
3	Conclusion
In this paper, we provide the following proposals related to MRO enhancement for R18 mobility mechanisms:
Proposal 1:	The CU shall further make the RLF/SHR report available to the source DU via the existing procedure (i.e., Access and Mobility Indication) over F1.
Proposal 2:	RAN3 to discuss and agree which mechanism to use for MRO for LTM
Proposal 3:	It is beneficial 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.
Proposal 4:	The CU collect the UHI in a new cell upon reception of the LTM notification or access success message from the DU and further provide the latest UHI to the new DU timely.
Proposal 5:	RAN3 should focus on the failure scenarios for CHO with candidate SCGs which cannot be handled by existing MRO mechanisms.
Proposal 6:	RAN3 agree that enhancements are needed for too-late cases, i.e., for case1) to case3).
Proposal 7:	RAN3 discuss and decide whether dual failure cases are included, i.e., for case 7c), 8c) and 9d).
Proposal 8:	RAN3 discuss whether enhancements are needed to support the other legacy cases.
Proposal 9:	RAN3 need to study the failure cases for CHO with candidate SCGs preferably.
Proposal 10:	RAN3 to follow the failure cases of CPAC as the reference for S-CPAC. And to discuss whether there exist some unique failure scenarios in S-CPAC.
Proposal 11:	RAN3 to study the failure scenarios and its solutions first. The near-failure scenarios can be handled with similar solutions.
Proposal 12:	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 13:	Proposal 13: RAN3 to discuss whether it is beneficial to inform the source SN about the outcome of mobility events for SN initiated S-CPAC.
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