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1
Introduction

In WI NR_SON_MDT, Mobility Robustness Optimisation (MRO) is agreed as one of the objectives. SN change failure is discussed as one of the use cases of MRO. The following statement for SN change failure has been captured in the TR 37.816:
· SN change-related failures can be categorized as follows:
·Failures due to too late SN change triggering: an SCG failure occurs after the UE has stayed for a long period of time in the cell of the SN; the MN makes decisions for UE, making UE to establish the radio link connection in a different SN.
·Failures due to too early SN change triggering: an SCG failure occurs shortly after a successful SN change from a source SN to a target SN or a SN change failure occurs during the SN change procedure; the MN makes decisions for UE, making UE to re-establish the radio link connection in the source SN.
·Failures due to change to wrong SN triggering: an SCG failure occurs shortly after a successful SN change from a source SN to a target SN or a SN change failure occurs during the SN change procedure; the MN makes decisions for UE, making UE to establish the radio link connection in a SN other than the source SN or target SN.
The standardization work for the optimization of SN change failure should be specified in the normative phase.

This paper discusses the details of the solution for the optimization of SN change failure in case of MR-DC.   
2
Discussion

According to the discussion in TR 37.816, in the scenarios for SN change related failures, SCG failure could occur in the source SN before SN change procedure, or the target SN after SN change procedure; MN could configure a SN for the UE after SCG failure occurs, the SN could be same with source SN, or a new one other than source SN or target SN. Obviously 3 kinds of cells will be involved. Let’s clarify them for the following discussion in the paper:

Source PSCell: the PSCell controlled by the SN which is source SN in the last SN change procedure.

Failed PSCell: the PSCell controlled by the SN in which SCG failure occurs.

New serving PSCell: the PSCell controlled by the SN which is configured by MN for the UE after SCG failure.
2.1
SN change too early or SN change to wrong SN
A general procedure is as Figure 1:
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Figure 1: SN change too early or SN change to wrong SN
SCG failure could occur after successful SN change procedure, or during SN change procedure.
MN or SN initiates SN change procedure. After UE connects to target SN successfully or during SN change procedure, SCG failure occurs in target SN. UE sends SCG failure report to MN. MN may configure the UE to connect to source SN again, or connect to a new SN other than source SN or target SN.
For MN triggered SN change, it’s possible that MN has removed the information of source SN because SCG failure could occur after successful SN change procedure. So MN needs to know which cell is the PSCell in source SN (e.g. Source PSCell Id) and which cell is the PSCell in target SN where SCG failure occurs (e.g. Failed PSCell Id). MN needs to know the time gap between the last SN change trigger procedure and SCG failure, which is helpful to decide whether SN change too early or SN change to wrong SN or not. UE should report these information in SCG failure report.
MN should retrieve the configuration related to SN change decision with UE identity. But no UE identity in the SCG failure report. So UE should report UE identity allocated by MN e.g. C-RNTI in SCG failure report.
Observation 1: The following information should be reported by the UE in SCG Failure Report:

· the identity of PSCell controlled by the SN where SCG failure occurs (Failed PSCell Id)
· the identity of PSCell controlled by source SN in the last SN change procedure (Source PSCell Id)

· the interval between the trigger of the last SN change procedure and SCG failure

· the C-RNTI allocated by MN.
RAN2 will discuss the information reported by the UE based on RAN3 LS in R3-193281.

After the MN knows Source PSCell Id and Failed PSCell Id, and if the interval between the trigger of SN change procedure and SCG failure is shorter than a pre-defined threshold, then if New serving PSCell is same with Source PSCell, MN can conclude SN change too early; if New serving PSCell is not Source PSCell or target PSCell, MN can conclude SN change to wrong cell. 
The MN should also decide whether it is the MN or the SN triggered the SN change procedure (e.g. trouble-maker). If it is the MN, then the MN can find the configuration related to SN change decision with C-RNTI and make internal optimization. If it is the SN, the MN should inform the failure event to the SN. In order to achieve this, the MN should save the corresponding information in the UE context i.e. whether it is the MN or the SN triggered the last SN change procedure.
Proposal 1: The MN should save the information (whether it is the MN or the SN triggered the last SN change procedure) in the UE context.
For SN triggered SN change, the SCG Failure Report received from the UE could be forwarded to the source SN. In order to assist the source SN to decide the root cause of the failure, source SN needs to know which cell is the suitable PSCell which is chosen by MN as the UE’s new serving cell in a SN after SCG failure (e.g. New serving PSCell Id). In addition, if the MN has some decision on too early SN change or SN change to a wrong cell, the information could also be transmitted to the source SN for SN reference. The source SN takes all the information (SCG failure report, New serving PScell ID, decision of the MN) into account to decide the reason of SCG failure.
Proposal 2:
 SCG failure information should be sent to source SN from MN, including SCG failure report from UE, New serving PSCell Id, and the decision about the type of SN change-related failure by MN.
Because SCG failure could occur after successful SN change procedure, it’s possible that source SN have removed the UE context and UE has no C-RNTI allocated by the source SN. So even source SN receives SCG failure information, source SN has no idea how to associate the SCG failure information with the configuration related to SN change decision. Therefore it needs a mechanism to associate the SCG failure information with the configuration related to SN change decision in the case.
Similar to Mobility Information in handover procedure, the SN generates a Mobility information which is associated with the configuration related to SN change decision. The information should be sent to MN during SN addition procedure. The MN transmits the Mobility Information back to the source SN after the MN receives the SCG failure from the UE. If SCG failure occurs after successful SN triggered SN change, source SN can optimize its configuration according to the information even source SN has removed UE context. 
Proposal 3:
 Add Mobility Information in S-NODE ADDITION REQUEST ACKNOWLEDGE message.

To transmit the SCG failure report from UE, New serving PSCell Id, the decision about the type of SN change-related failure by MN and the Mobility Information from the MN to the source SN, a new XnAP message or FAILURE INDICATION or HANDOVER Report could be defined. Considering most information are already be included in Handover REPORT for handover purpose, HANDOVER REPORT message is appropriate for SN change case as well.
Proposal 4:
It’s proposed to use Xn message HANDOVER REPORT sent to SN from MN to indicate SCG failure information in case of SN triggered SN changed, including SCG failure report from UE, New serving PSCell Id, and the conclusion about the type of SN change-related failure by MN, and the information in Proposal 1(i.e. Mobility Information) or C-RNTI allocated by SN.

2.2
SN change too late
SCG failure occurs before SN change procedure. Either MN or SN should have triggered SN change procedure. So SCG failure information should be sent to both MN and the last serving SN in which the UE encounters SCG failure. 

A general procedure is as Figure 3
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Figure 2: SN change too late

MN initiates SN addition procedure to source SN. SCG failure occurs in source SN. UE sends SCG failure information to MN. MN decides to add target SN for UE.

For MN, MN knows that SCG failure occurs in source SN according to SCG failure report, and decides to add a new SN for UE instead of source SN. So MN can conclude SN change too late and make optimization. 
For SN, source SN has to be informed with SCG failure information, including the information of a new SN configured for UE (e.g. New serving PSCell Id). With these information, source SN can conclude SN change too late. The information that needs to be transmitted over Xn is covered by too early SN change and SN change to wrong cell scenarios discussed in section 2.1.
3
Conclusions
This paper discusses the details of the solution for the optimization of SN change failure in case of NR-DC. We have the following observations and proposals.

Observation 1: The following information should be reported by the UE in SCG Failure Report:

· the identity of PSCell controlled by the SN where SCG failure occurs (Failed PSCell Id)

· the identity of PSCell controlled by source SN in the last SN change procedure (Source PSCell Id)

· the interval between the trigger of the last SN change procedure and SCG failure

· the C-RNTI allocated by MN.
Proposal 1: The MN should save the information (whether it is the MN or the SN triggered the last SN change procedure) in the UE context.
Proposal 2:
 SCG failure information should be sent to source SN from MN, including SCG failure report from UE, New serving PSCell Id, and the decision about the type of SN change-related failure by MN.
Proposal 3:
 Add Mobility Information in S-NODE ADDITION REQUEST ACKNOWLEDGE message.

Proposal 4:
It’s proposed to use Xn message HANDOVER REPORT sent to SN from MN to indicate SCG failure information in case of SN triggered SN changed, including SCG failure report from UE, New serving PSCell Id, and the conclusion about the type of SN change-related failure by MN, and the information in Proposal 1(i.e. Mobility Information) or C-RNTI allocated by SN.

The corresponding TP is provided in R3-195018.
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