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1	Introduction
[bookmark: _Toc474247438]Discussions on MRO for SN Change Failure have been made at RAN3#109-e, RAN3#110-e, RAN3#111-e and RAN3#112-e meetings, and several agreements were made. 
In this document, we provide explanations, observations and proposals for the open issues and items left FFS. 
In section 2, we discuss insufficiencies of the current MRO analysis mechanism for pre-Rel-17 UEs due to PSCell change without MN involvement, and the new message from MN to initiating SN to forward SCG failure information.
In section 3, we conclude the document by presenting the summary of the main ideas.
2	Discussion
2.1	MRO for SN Change Failure for Pre-Rel-17 UEs
The following agreement has been made in the RAN3#112-e meeting:
A class 2 procedure is defined for transmitting SCGFailureInformation from the MN to the SN that caused the failure, unless class-1 is found needed to resolve the issue of intra-SN PSCell change. 
In our view, which has also been agreed by several companies in the last meeting, additional mechanisms are needed for the support of MRO for pre-Rel-17 UEs that would still send the conventional SCG failure information message in case of an SCG failure. In particular, intra-SN PSCell change without MN involvement creates problems and this issue needs to be solved. 
In a scenario where the MN initiates an SN change that is successfully completed for a UE, or where the SN initiates an inter-SN PSCell change, the MN would be aware of the PSCell change, since the MN is directly involved in those procedures. After this PSCell change, the serving SN may initiate independently another intra-SN PSCell change via SRB3 without MN involvement. This may occur, even if it is assumed that only one of the nodes should be responsible for SCG mobility, because measurement-based mobility may not be the only trigger for PSCell changes. For example, if one layer (in this scenario the MN) is responsible for “normal” mobility, the other layer (SN here) may decide to execute load-based or service-based SN change.
After the UE connects to the PSCell that is indicated by the serving SN via SRB3, this PSCell may fail. Based on the measurements reported from the UE, this scenario would conventionally be identified as a “PSCell change failure to wrong cell”, “too early PSCell change failure” or a “too late PSCell change failure” that is caused by the last serving SN, and the SN would make own configuration changes for MRO purposes based on the below agreement from RAN3#109-e meeting [1]:
In case of an SCG failure that is a result of an SN-initiated PSCell change, the SN initiating the last PSCell change (or the last serving SN, in case of too late SN change) is responsible to derive the needed correction for its SCG mobility configuration.
However, since the MN is not aware of the intra-SN PSCell change initiated by the serving SN, upon reception of the SCG failure information sent by the UE, MN would assume the failure is related to the SN change that MN triggered itself (or source SN) and would not forward the SCG failure information to the last serving SN based on the current agreements – it would consider the report as a consequence of the earlier SN change. Even if the MN forwards the message to the serving SN for purposes other than MRO, the MN would make own configuration changes for MRO, as it would think that the SCG failure was caused by itself (or source SN). On top of that, last serving SN would also make own configuration changes for MRO. One of the two corrective actions are not necessary and may thus worsen the performance instead of improving it (also, the statistics, if collected, would be badly impacted). The high-level signalling chart of the exemplary scenario is provided in Figure 1.
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[bookmark: _Ref70343398]Figure 1 High-level signalling chart of the described problem caused by PSCell change without MN involvement.
Thus, the considered mechanism based on a single information message sent if the MN classifies the failure as “belonging to the SN” is not sufficient for successful MRO operation at least under the given scenario and enhancements are needed. 
Observation 1: A failed intra-SN PSCell change for a pre-Rel-17 UE, if done without MN’s involvement, may lead to a wrong MRO analysis for SN change failure.
Proposal 1: RAN3 studies mechanisms for successful MRO operation for SN change failure of pre-Rel-17 UEs in all scenarios.
One of the below proposed solutions can be used to overcome the above problem. Although we lean towards the first option that uses a class-1 message, option 2 that uses class-2 messages can also be adopted.
1- Option-1: 
MN always forwards the newly introduced message including SCG failure information to the last serving SN, and the last serving SN replies this message (as a response to class-1 procedure) indicating whether a PSCell change without MN involvement had been performed. MN uses the information to perform initial MRO analysis and further forwarding of the SCG failure information.
A high-level signalling chart for an exemplary scenario for this option is provided in Figure 2. Herein, it is assumed that the last PSCell change initiating node is a source SN (other than the last serving SN). As illustrated, firstly, the MN forwards the Rel-16 SCG failure information message to the last serving SN upon reception of the message from the UE. This message is needed to notify the SN about the failure. Also, if the SN is a Rel-16 implementation, it would fail to receive the newly introduced Rel-17 message, which is another reason why the Rel-16 message is always needed. Afterwards, MN transmits the newly introduced message to the SN for SON purposes. SN replies this message indicating whether a PSCell change without MN involvement had been performed. 
In case the last serving SN indicates an intra-SN PSCell change without MN involvement, the MN does not need to transmit the newly introduced message to the source SN, since the failure is caused by the last serving SN. The last serving SN can directly perform MRO. On the other hand, in case no PSCell change without MN involvement was made, the MN can transmit the newly introduced message to the source SN and the source SN can perform MRO. Note that a reply is not needed from the source SN at this step.
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[bookmark: _Ref78966929]Figure 2 High-level signalling chart of the Option-1 for an exemplary scenario.
2- Option-2: 
Rel-16 RRC transfer message, including the SCG failure information, is enhanced. MN transmits the updated message to the last serving SN upon reception of the SCG failure information message from the UE. SN can indicate whether it has initiated any intra-SN PSCell change without MN involvement using a class-2 procedure. If there was an intra-SN PSCell change without MN involvement, the MN can further transmit the newly introduced message to the last serving SN for the SN to perform MRO. If there was not a PSCell change without MN involvement, MN uses the information to perform initial MRO analysis and further forwarding of the SCG failure information.
A high-level signalling chart for an exemplary scenario for this option is provided in Figure 3. Again, it is assumed that the last PSCell change initiating node is a source SN (other than the last serving SN).
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[bookmark: _Ref78968610]Figure 3 High-level signalling chart of the Option-2 for an exemplary scenario.
Proposal 2: RAN3 adopts a solution (option-1 introduced within this contribution) where the MN always forwards the SCG failure information to the last serving SN (before making the initial analysis). Then, the last serving SN replies this message (as a response to class-1 procedure) indicating whether a PSCell change without MN involvement had been performed.
2.2	New Message from MN to Initiating SN to Forward SCG Failure Information
At RAN3#111-e and RAN3#112-e meetings, several options for the message from MN to source SN that triggered the last PSCell change have been discussed. The following agreement was made in 111-e and the latter was FFS in 112-e, respectively:
Define new message from MN to the initiating SN to forward SCGfailureinformation.
FFS whether include the following IEs in the new XnAP message for carrying SCGfailureinformation:
a)PSCell failure type
b) Source PSCell CGI
c) Failed PSCell CGI
d) Suitable PSCell CGI
e) Mobility Information
f)PSCell selection assistant information, e.g. UE history information
g) Initiating node type i.e. MN or SN
h) S-NG-RAN node UE X2AP ID
i) M-NG-RAN node UE XnAP ID
TBC...
First of all, the MN will forward the SCG failure information to the initiating SN, only in case the last PSCell change of the failed UE is initiated by the source SN, and MN concludes after an initial analysis that this is a “too early PSCell change” or “PSCell change to wrong PSCell”. In case it is “too late PSCell change”, then the MN would forward the SCG failure information to the last serving SN, which can be different than the source SN. We propose that the same new message is used for the MN to forward SCG failure information to the last serving SN for MRO purposes that would indicate to the last serving SN that this is an MRO report. 
Observation 2: MN will forward the SCG failure information to the source SN, only in case the last PSCell change of the failed UE is initiated by the source SN, and MN concludes after an initial analysis that this is a “too early PSCell change” or “PSCell change to wrong PSCell”. In case it is “too late PSCell change”, then the MN would forward the SCG failure information to the serving SN, which may be different than the source SN.
Proposal 3: The same newly defined message is used by the MN to forward SCG failure information to the last serving SN for MRO purposes.
In addition, based on the following agreement, the node that caused the failure performs root cause analysis.
MN performs initial analysis to identify the node that caused the failure. The node that caused the failure performs root cause analysis.
In case the MN forwards the SCG failure information to the last PSCell change initiating SN that is different than last serving SN, this would mean that the initiating SN is responsible for the failure, and therefore the initiating SN should perform the root cause analysis.
Observation 3: In case the MN forwards the SCG failure information to the last PSCell change triggering SN that is different than the last serving SN, this would mean that the initiating SN is responsible for the failure, and therefore the initiating SN should perform the root cause analysis.
As stated above, the initiating SN will do the MRO root cause analysis. If the initiating SN receives the new message including the SCG failure information, it can directly understand that it is either a “too early PSCell change” or “PSCell change to wrong PSCell”. Based on the definition of MRO issues agreed in RAN3#111-e meeting, the conclusion on MRO analysis will be made based on the measurements reported from the UE (included in the SCG failure information).
On the other hand, in the last meeting, some companies have proposed to include the conclusion made by the initial MRO analysis of the MN to this new message, i.e., (a) in FFS above. However, the above procedure for the source SN to perform MRO analysis does not require any analysis conclusion reported from the MN, since the analysis is anyway agreed to be made by the node that caused the failure. Moreover, some companies proposed also to include the new target PSCell information to the new message. Again, this is not needed, since the conclusion on MRO analysis will be made by the source SN based on the measurements reported by the UE. 
Proposal 4: (a), (b), (c), (d) and (f) are not needed by the source (initiating) SN to perform successful MRO analysis, therefore those are not reported by the MN to the initiating SN.
As elaborated in Section 2, (g) is needed to support MRO for pre-Rel-17 UEs.
Proposal 5: (g) is included in the new XnAP message for carrying SCGfailureinformation.
Moreover, in case the MN concludes after an initial analysis that this is a “too late PSCell change”, then it would mean that the UE context is still there in the last serving SN. On the other hand, it is not expected for the source SN and the MN to delete the UE’s XnAP IDs and assign to another UE, since the SCG failure and the following procedures will be occurring relatively fast in case of “PSCell change to wrong PSCell” and “too early PSCell change”. Therefore, (e) is not needed to be forwarded to the initiating SN, rather (h) and (i) are included in the new message.
Proposal 6: (e) is not forwarded to the initiating SN, whereas (h) and (i) are used to identify the UE.

3	Conclusions
In this contribution, we have discussed various ascepts of MRO for SN change failure. From those discussions we have the following observations:
Observation 1: A failed intra-SN PSCell change for a pre-Rel.17 UE, if done without MN’s involvement, may lead to a wrong MRO analysis for SN change failure.
Observation 2: MN will forward the SCG failure information to the source SN, only in case the last PSCell change of the failed UE is initiated by the source SN, and MN concludes after an initial analysis that this is a “too early PSCell change” or “PSCell change to wrong PSCell”. In case it is “too late PSCell change”, then the MN would forward the SCG failure information to the serving SN, which may be different than the source SN.
Observation 3: In case the MN forwards the SCG failure information to the last PSCell change triggering SN that is different than the last serving SN, this would mean that the initiating SN is responsible for the failure, and therefore the initiating SN should perform the root cause analysis.
According to those observations we have the following proposals:
Proposal 1: RAN3 studies mechanisms for successful MRO operation for SN change failure of pre-Rel-17 UEs in all scenarios.
Proposal 2: RAN3 adopts a solution (option-1 introduced within this contribution) where the MN always forwards the SCG failure information to the last serving SN (before making the initial analysis). Then, the last serving SN replies this message (as a response to class-1 procedure) indicating whether a PSCell change without MN involvement had been performed.
Proposal 3: The same newly defined message is used by the MN to forward SCG failure information to the last serving SN for MRO purposes.
Proposal 4: (a), (b), (c), (d) and (f) are not needed by the source (initiating or last serving) SN to perform successful MRO analysis, therefore those are not reported by the MN to the initiating SN.
Proposal 5: (g) is included in the new XnAP message for carrying SCGfailureinformation.
Proposal 6: (e) is not forwarded to the initiating SN, whereas (h) and (i) are used to identify the UE.
The above proposals are implemented in TPs for Xn [2] and X2 [3].
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