3GPP TSG-RAN WG3 Meeting #124
                                                              R3-243733
Fukuoka, Japan, May 20- May 24, 2024
Agenda item:
10.2
Source:
CMCC
Title:
Discussion on MRO enhancements for R18 mobility features
Document for:
Discussion
1 Introduction

In RAN3#123bis meeting, SON/MDT for MRO Enhancements was discussed and following agreements have been achieved:
	RAN3#123bis:

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.

Further discussion on the use cases and solutions…


In this contribution, we will provide our consideration on the MRO enhancement for R18 mobility features.
2 Discussion 
2.1 LTM
L1/L2-triggered mobility (LTM) is introduced to reduce the latency of the mobility procedure. When apply LTM mechanism, gNB provides the LTM candidate configurations to UE through RRC signaling and activate TCI states for one or multiple LTM candidate cells in advance to allow UE perform DL synchronized with those cells. Then, the gNB sends the cell switch command via MAC CE based on the L1 measurement report(s) from UE, which indicates the LTM candidate configuration previously configured by the network. The UE switches to the target LTM candidate cell according to the cell switch command. Moreover, to further save the cell switch time, the early TA acquisition can be triggered before cell switch. The TA value can be provided by the network or computed by UE-based TA measurement.
Considered that the intra-DU LTM and inter-DU LTM are both supported in Rel-18, the following scenarios should be taken into account to support of MRO for LTM:
· Intra-DU MCG LTM/ Inter-DU MCG LTM;

· Intra-DU SCG LTM/ Inter-DU SCG LTM;
Observation 1: MRO for LTM should include following scenarios: Intra-DU MCG LTM/ Inter-DU MCG LTM; 

Intra-DU SCG LTM/ Inter-DU SCG LTM. 
In Rel-18, we discussed the MCG LTM firstly for LTM topic. In order to focus on the key issues and procedure or signaling exchange, it is suggested to start with the MRO for intra-DU/inter-DU MCG LTM, if time allows, work on MRO for intra-DU/inter-DU SCG LTM.

Proposal 1: Start with the MRO for intra-DU/inter-DU MCG LTM, if time allows, work on MRO for intra-DU/inter-DU SCG LTM.
In last meeting, we already agreed to work on scenarios of too early LTM cell switch, too late LTM cell switch and LTM cell switch to wrong cell. The descriptions of three scenarios are given as follow:
· For too early LTM cell switch, an RLF occurs shortly after a successful LTM cell switch from source to target cell or an RLF occurs during the LTM procedure or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell. 

· For too late LTM cell switch, an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.

· For LTM cell switch to wrong cell, an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
From our view, we should agree the above descriptions of three MCG LTM scenarios.

Proposal 2: RAN3 should agree the descriptions of three MCG LTM scenarios:
· For too early LTM cell switch, an RLF occurs shortly after a successful LTM cell switch from source to target cell or an RLF occurs during the LTM procedure or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell. 

· For too late LTM cell switch, an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.

· For LTM cell switch to wrong cell, an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

The motivation of SON features for LTM is optimizing the mobility configurations to improve the robustness of whole LTM procedures. From our view, the cell switch execution condition, and LTM candidate cell selection can be optimized. Different from legacy L3 handover, the LTM cell switch decision is made by DU in LTM. Thus, the DU has the responsibility to perform root cause analysis if the cell switch execution condition is not ideal. In addition, the CU also need to perform root cause analysis since the selection of candidate cells is decided by the CU. 

Regard to optimizations related to different causes are performed on different nodes, there will be necessary information exchange over F1AP to help the CU or the related DU (Source DU or Candidate DU) perform root cause analysis. Since RLF report is received by the CU, CU need to transfer the RLF report to the related DU for root cause analysis. Thus, RAN3 should work on the F1AP procedure and signaling exchanged to support root cause analysis for the CU and the related DU. 

Observation 2: Regard to optimizations related to different causes are performed on different nodes, there will be necessary information exchange over F1AP to help the CU or the related DU perform root cause analysis.

Proposal 3: RAN3 should work on the F1AP procedure and signaling exchanged to support root cause analysis for the CU and related DU (Source DU or Candidate DU).
For LTM connection failure case, we think the following information proposed should be included in the RLF report for network optimization:

· Source cell ID and corresponding L1 measurement results

· Target cell ID and corresponding L1 measurement results

· Selected LTM candidate cell after LTM failure
Obviously, network needs to know the source cell ID, target cell ID and their corresponding L1 measurement results to identify the configured threshold once the LTM connection failure happens. If a RLF occurs during the LTM handover procedure, UE will attempt to perform cell selection after the failure happens. The selected LTM candidate cell after LTM failure should be recorded and reported to network, which is used to help the gNB identify which is the most suitable cell for LTM switch.
Proposal 4: Include the LTM failure related information in RLF report, e.g. selected LTM candidate cell after LTM failure, source/target cell ID and corresponding measurement results.

Besides the failure case for LTM cell switch, we already agreed work on the near failure case for MRO for LTM. In the legacy handover, network will configure UE with T310/T312/T304 trigger threshold. If the elapsed time exceeds the configured threshold, UE may record and then report SHR to assist network for future optimization. Similar as the legacy handover, UE can include the LTM near failure information in SHR if the ratio between the value of the elapsed time of the timer T310/T312/T304 and the configured value of the T310/T312/T304 timer is greater than configured threshold. 
Proposal 5: Include the LTM near failure information in SHR, e.g. the ratio between the value of the elapsed time of the timer T310/T312/T304 and the configured value of the T310/T312/T304 timer.

Furthermore, as the network provides all the LTM candidate configurations to the UE before LTM switch, some of the LTM candidate cells may never access by the UE during the following LTM procedure, which means that these LTM candidate cell configurations do not make much sense for the UE and waste the UE storage resources. Including the LTM candidate cell(s), which UE never switch to, may help the network optimize LTM configurations, such as not configuring these cells as LTM candidate cells for the same scenario, and we believe that this information is beneficial for both failure and success cases.
Proposal 6: Include the LTM candidate cell(s), which UE never switch to, in SON reports, for both failure and success cases.

2.2 CHO with candidate SCG
Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed. For the CHO with candidate SCG is defined in Rel-18, the following is described in 37.340:

10.19.3
CHO with candidate SCG(s)

A 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. The UE starts evaluating the execution conditions for candidate PCell(s) and candidate PSCell(s) simultaneously upon receiving the CHO with candidate SCG(s) configuration, and stops evaluating the execution conditions once a PCell change or a PSCell change is triggered. 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.

Ideally, the CHO and CPAC events are both fulfilled simultaneously, so that the UE can perform dual connectivity in the target MCG. However, due to the mobility of UE and the suboptimal network configurations, the CHO or CPA/CPC may not be fulfilled which will cause RLF/SCG failure. Several failure cases are concluded as: 
Case 1: The event triggered for CHO is fulfilled, but the CPA/CPC event is not fulfilled;
Case 2: The event triggered for CPA/CPC is fulfilled, but the CHO event is not fulfilled;
Case 3: Neither the events triggered for CPA/CPC nor CHO are fulfilled;
Proposal 7: RAN3 should work on following failure cases for MRO for CHO with candidate SCG:
Case 1: The event triggered for CHO is fulfilled, but the CPA/CPC event is not fulfilled;

Case 2: The event triggered for CPA/CPC is fulfilled, but the CHO event is not fulfilled;

Case 3: Neither the events triggered for CPA/CPC nor CHO are fulfilled;
If an RLF/SCG failure occurs, UE can report some CHO and CPA/CPC related information to the network, it will help the network optimize the configurations. For case 1, if the CPA/CPC is triggered but CHO condition is not triggered, an RLF occurs because the CHO event threshold may be configured too high. For case 2, if the CHO is triggered but CPA/CPC condition is not triggered, a SCG failure occurs because the CPA/CPC event threshold may be configured too high and need to be adjusted by the network. For case 3, neither the events for CPA/CPC nor CHO are fulfilled, RLF and SCG failure occur, the CHO event threshold and CPA/CPC event threshold should be optimized. The event triggered first can help the network know the details of the execution situations and adjust the corresponding CHO or CPAC configuration.
Besides the failure case for CHO with candidate SCG, RAN3 also should discuss the near failure cases for MRO for CHO with candidate SCG mentioned below. Several near failure cases are concluded as:
Case 1: The event triggered for CHO is fulfilled first, the CPA/CPC event is nearly not fulfilled. UE will wait for the CPA/CPC event fulfilled and then handover to the target MCG to perform dual connectivity.

Case 2: The event triggered for CPA/CPC is fulfilled first, the CHO event is nearly not fulfilled. UE will wait for the CHO event fulfilled and then handover to the target MCG to perform dual connectivity.
Proposal 8: RAN3 should work on following near failure cases for MRO for CHO with candidate SCG:
Case 1: The event triggered for CHO is fulfilled first, the CPA/CPC event is nearly not fulfilled. UE will wait for the CPA/CPC event fulfilled and then handover to the target MCG to perform dual connectivity.
Case 2: The event triggered for CPA/CPC is fulfilled first, the CHO event is nearly not fulfilled. UE will wait for the CHO event fulfilled and then handover to the target MCG to perform dual connectivity.
In sum, for failure case, the first triggered event and elapsed time between the point in time of fulfilling the conditions of CHO or CPA/CPC and RLF or SCG failure can be included in the RLF report and SCGFailureInformation message; for near failure case, the first triggered event and elapsed time between the point in time of fulfilling the conditions of CHO and CPA/CPC can be included in SHR/SPR. From our view, which node performs the root cause analysis depends on the type of SON report. Anyway, since the SON report may be received from the third node, it is proposed to work on the procedure of transferring SON report over XnAP for failure case and near failure case. 
Proposal 9: For failure case, the first triggered event and elapsed time between the point in time of fulfilling the conditions of CHO or CPA/CPC and RLF or SCG failure can be included in the RLF report and SCGFailureInformation message.
Proposal 10: For near failure case, the first triggered event and elapsed time between the point in time of fulfilling the conditions of CHO and CPA/CPC can be included in SHR/SPR.
Proposal 11: It is proposed to work on the procedure of transferring SON report over XnAP for failure case and near failure case.
2.3 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 UE keeps the configured subsequent CPAC configuration (unless the network indicates to release it) and evaluates the execution conditions of candidate PSCells after completion of a PSCell addition, a PSCell change, a PCell change or an SCG release. Intra-SN subsequent CPAC initiated by the SN, inter-SN subsequent CPAC initiated by either MN or SN are supported.

Regard to the MRO for S-CPAC, it is found that the failure scenarios for S-CPAC is similar with the failure scenarios for CPAC what we discussed in Rel-17. The failure cases for CPAC are described as follow:
	-
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. There are two sub-cases:

-
if the suitable PSCell is one of the candidate target PSCells provided by the node initiating the CPC or by the MN initiating the CPA, but not one of the candidate PSCells selected by the candidate or target SN, it is wrong target PSCell selection at the candidate or target SN;

-
else, it is wrong candidate PSCell list selection at the node initiating the CPC or at the MN initiating the CPA.


It is noted that the description can be also used to describe the failure cases for S-CPAC, since there is no fundamental difference between the failure case of CPAC and S-CPAC. The failure scenarios for MRO for CPAC can be served as reference for the failure scenarios for MRO for S-CPAC.
Proposal 12: The failure scenarios for MRO for CPAC can be served as reference for the failure scenarios for MRO for S-CPAC. 

For the S-CPAC, there is another scenario that the network may need to configure a list of candidate PSCells for the UE, and these cells need to reserve corresponding resources for the UE. However, in practice, as UE trajectory may change dynamically, and UE may access candidate PSCells many times, while UE also may not assess some candidate PSCells in the whole subsequent CPAC procedure. Even if the UE does not access the configured candidate cells, those candidate cells still need to reserve resources for the UE, which will result in the waste of resources. 
If the UE can report some subsequent CPAC related information, we believe that it’s beneficial for the network to optimize the subsequent CPAC configuration. The following information is suggested to be reported:
· UE accessed target PSCell ID or ID list: If the candidate PSCell(s) is not connected by the UE or has not been connected by the UE for a long time, the network can take this information into consideration and not configuring the PSCell(s) for the UE to save the reserved resources.
· The time UE stays in the target PSCell, including the start time + end time, or start time + time duration

Proposal 13: Include the subsequent CPAC related information in SON reports, e.g. target PSCell ID (list), the time information UE stays in the target PSCell.
3 Conclusions
This contribution provides our consideration on the MRO enhancement for R18 mobility features, and following observation and proposals are made:

Observation 1: MRO for LTM should include following scenarios: Intra-DU MCG LTM/ Inter-DU MCG LTM; 

Intra-DU SCG LTM/ Inter-DU SCG LTM. 

Observation 2: Regard to optimizations related to different causes are performed on different nodes, there will be necessary information exchange over F1AP to help the CU or the related DU perform root cause analysis.

Proposal 1: Start with the MRO for intra-DU/inter-DU MCG LTM, if time allows, work on MRO for intra-DU/inter-DU SCG LTM.
Proposal 2: RAN3 should agree the descriptions of three MCG LTM scenarios:

· For too early LTM cell switch, an RLF occurs shortly after a successful LTM cell switch from source to target cell or an RLF occurs during the LTM procedure or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell. 

· For too late LTM cell switch, an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.

· For LTM cell switch to wrong cell, an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

Proposal 3: RAN3 should work on the F1AP procedure and signaling exchanged to support root cause analysis for the CU and related DU (Source DU or Candidate DU).
Proposal 4: Include the LTM failure related information in RLF report, e.g. selected LTM candidate cell after LTM failure, source/target cell ID and corresponding measurement results.

Proposal 5: Include the LTM near failure information in SHR, e.g. the ratio between the value of the elapsed time of the timer T310/T312/T304 and the configured value of the T310/T312/T304 timer.
Proposal 6: Include the LTM candidate cell(s), which UE never switch to, in SON reports, for both failure and success cases.

Proposal 7: RAN3 should work on following failure cases for MRO for CHO with candidate SCG:
Case 1: The event triggered for CHO is fulfilled, but the CPA/CPC event is not fulfilled;

Case 2: The event triggered for CPA/CPC is fulfilled, but the CHO event is not fulfilled;

Case 3: Neither the events triggered for CPA/CPC nor CHO are fulfilled;

Proposal 8: RAN3 should work on following near failure cases for MRO for CHO with candidate SCG:
Case 1: The event triggered for CHO is fulfilled first, the CPA/CPC event is nearly not fulfilled. UE will wait for the CPA/CPC event fulfilled and then handover to the target MCG to perform dual connectivity.

Case 2: The event triggered for CPA/CPC is fulfilled first, the CHO event is nearly not fulfilled. UE will wait for the CHO event fulfilled and then handover to the target MCG to perform dual connectivity.

Proposal 9: For failure case, the first triggered event and elapsed time between the point in time of fulfilling the conditions of CHO or CPA/CPC and RLF or SCG failure can be included in the RLF report and SCGFailureInformation message.

Proposal 10: For near failure case, the first triggered event and elapsed time between the point in time of fulfilling the conditions of CHO and CPA/CPC can be included in SHR/SPR.
Proposal 11: It is proposed to work on the procedure of transferring SON report over XnAP for failure case and near failure case.
Proposal 12: The failure scenarios for MRO for CPAC can be served as reference for the failure scenarios for MRO for S-CPAC. 

Proposal 13: Include the subsequent CPAC related information in SON reports, e.g. target PSCell ID (list), the time information UE stays in the target PSCell.
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