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Introduction

During the SI phase of RAN-centric data collection and utilization for LTE and NR, the following achievement for SN change failure optimization has been captured in the TR 37.816 [1]. And the SN change failure optimization in case of EN-DC and MR-DC is concluded to be specified in the normative phase.
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 detection solution enabled by the RLF Indication and HO Report procedures can be reused, the corresponding messages may be signalled between the MN and SN, and/or among the involved SNs.

-
In case of MN trigger SN change, MN can obtain the SCG failure information from UE directly when SCG RLF occurs. 
-
In case of SN trigger SN change, MN should inform the SN about the SN change failure to help SN adjust SN change related measurement event thresholds.
This paper would like to discuss the detail solutions on how to detect the too late, too early, and wrong SN change failure in case of NR DC.

Discussion

According to the TR 37.816 [1], the following scenarios should be considered:

-
MN triggered too late, too early, and wrong SN change failure.

-
SN triggered too late, too early, and wrong SN change failure.
Based on reusing the detection solution enabled by the RLF Indication and HO Report procedures, an SN Change Failure (SCF) Indication message will be sent to the gNB in which the UE occurs the SN change failure from the gNB who receives the information of SN change failure from the UE, and an SN Change Report message will be sent to the gNB in which the SN change procedure is initiated from the gNB who receives the SCF Indication message.

In case of MN triggered too late, too early, and wrong SN change failure, the gNB who receives the information of SN change failure from the UE is the MN, the gNB in which the UE occurs the SN change failure is either the source or target SN of the SN change procedure, the gNB in which the SN change procedure is initiated is the MN. A general procedure of  SN change failure detection for this case is shown in figure 1.

Figure 1: SN change failure detection procedure in case of MN triggered SN change
The details for each MN triggered SN change cases are illastrated in the following figures (figure 1.1, figure 1.2 and figure 1.3): 










Figure 1.1: Too late SN change failure detection procedure in case of MN triggered SN change








Figure 1.2: Too early SN change failure detection procedure in case of MN triggered SN change








Figure 1.3: Wrong SN change failure detection procedure in case of MN triggered SN change
In case of SN triggered too late, too early, and wrong SN change failure, the gNB who receives the information of SN change failure from the UE is the MN, the gNB in which the UE occurs the SN change failure is either the source or target SN of the SN change procedure, the gNB in which the SN change procedure is initiated is the source SN. A general procedure of  SN change failure detection for this case is shown in figure 2.

Figure 2: SN change failure detection procedure in case of SN triggered SN change
The details for each SN triggered SN change cases are illastrated in the following figures (figure 2.1, figure 2.2 and figure 2.3): 









Figure 2.1: Too late SN change failure detection procedure in case of SN triggered SN change








Figure 2.2: Too early SN change failure detection procedure in case of SN triggered SN change








Figure 2.3: Wrong SN change failure detection procedure in case of SN triggered SN change
Proposal 1: The detection solution enabled by RLF Indication and HO Report like procedures can be reused, e.g. SCF Indication and SN Change Report procedures.

The reason for using two-procedure method (i.e. RLF Indication and HO Report procedures), mainly because that the eNB the failure occurs in is the only node who has the information to distinguish the too late, too early or wrong HO based on whether there is an incoming handover before the failure occurs within a predefined time. However, for detection of SN change failure, the SN the failure occurs in is not the only node who knows whether there is an incoming SN addition before the failure occurs, the MN also knows such information. Therefore, an alternative solution for detecting the SN change failure in case of SN triggered SN change could be illustrated as in figure 3. (a) The MN sends the SCF Indication to the source SN with sufficient information, the source SN determines the Too Late, Too Early or Wrong SN Change. (b) The MN determines the Too Late, Too Early or Wrong SN Change and sends the SN Change Report to the source SN. While in case of MN triggered SN change, an alternative solution could be that no inter-node message is needed, since it could be implemented by MN itself.




Figure 3: SN change failure detection procedure in case of SN triggered SN change
Proposal 2: An alternative solution for detecting SN change failure could be achieved by method with only one procedure.

Proposal 3: RAN3 to discuss the following solutions for detecting SN change failure, and decide whether approve only one of them, or both of them:

Two-procedure method, i.e. reuse RLF Indication and HO Report like procedures.
One-procedure method, i.e. the MN makes the determination and sends the SN Change Report to the source SN or the MN provides sufficient information to the source SN to make the determination.
3. Conclusion

It is proposed to approve the following proposals:

Proposal 1: The detection solution enabled by RLF Indication and HO Report like procedures can be reused, e.g. SCF Indication and SN Change Report procedures.

Proposal 2: An alternative solution for detecting SN change failure could be achieved by method with only one procedure.

Proposal 3: RAN3 to discuss the following solutions for detecting SN change failure, and decide whether approve only one of them, or both of them:

Two-procedure method, i.e. reuse RLF Indication and HO Report like procedures.
One-procedure method, i.e. the MN makes the determination and sends the SN Change Report to the source SN or the MN provides sufficient information to the source SN to make the determination. 
A CR based on the above solution (2) One-procedure method, the MN makes the determination and sends the SN Change Report to the source SN is provided in [2].
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