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1
Introduction

This paper discussed the open issues and corresponding solutions for the optimization of SN change failure in case of MR-DC. 
2
Discussion

According to 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. The MN may configure a SN for the UE after SCG failure occurs, the SN could be same with source SN, or a new one other than the source SN or the target SN. three kinds of cells will be involved. For better description, the following terminologies were used in this contribution:


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


Failed PSCell: the PSCell in which SCG failure occurs.


New suitable PSCell: the PSCell which could be configured by MN for the UE after SCG failure.

Two major issues needs to be decided firstly for SN change failure scenarios:

Issue 1: the signaling flow between MN and SN(s) 
Issue 2: failure reason detection by enhanced SCG failure report or depending on the UE context in the network side
The detail solutions could be derived after the two principle issues are concluded.
2.1
The signaling flow between MN and SN(s)
There are two alternatives for the signaling flow between the MN and the SN(s):
Alternative 1: 
Similar to handover case for MRO, The MN receiving SCG failure report forwards the failure information to the last serving SN. The last serving SN detects the cause of the failure e.g too early, too late, wrong SN change. Then the last serving SN sends a HO report like message to the SN which cause the failure. 
Take too early SN change for example, the signaling flow is shown in Figure 1:
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Figure 1: Alternative 1 of signaling flow for SN change

We observed there are three drawbacks of this alternative:
· Signalling overhead comparing with alternative 2

· If there is no Xn interface between source SN and target SN, the HO Report message has to be routed via CN or via MN which bring more signaling overhead.
· The target SN doesn’t know whether it’s the MN or the SN triggered the previous SN change procedure.
Alternative 2: 
The MN receiving the SCG Failure Information makes initial analysis e.g too early, too late, wrong SN change. Then the MN sends a HO Report like message to the SN which cause the failure. Take the same example as alternative 1, the signaling flow is shown in Figure 2.
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Figure 2: Alternative 2 of signaling flow for SN change

The MN has the overall information so the MN could make initial analysis on the problem. The MN always has Xn interface with the source SN which caused the problem and the MN could record the trigger of the previous SN change (e.g. SN change was triggered by the MN or the source SN). Therefore this alternative works well.
The summary of the two alternatives is given in table 1:
	
	Pros
	Cons

	Alternative 1
	None
	More signaling overhead comparing with Alternative 2.

If there is no Xn interface between source SN and target SN, the HO Report message has to be routed via CN or via MN.
The target SN doesn’t know whether it’s the MN or the SN triggered the previous SN change procedure.

	Alternative 2
	Less signaling overhead.
	None


Observation 1: Alternative 2 has clear benefits for the signalling flow of SN change failure.

In last RAN3 meeting, one proposal is to support both in standard. Considering alternative 2 could be used in all scenarios and has no distinct drawbacks, it’s better to avoid defining two solutions for one issue.

Proposal 1: It is proposed to agree Alternative 2 as the signalling flow for SN change failure scenario.

2.2
Failure reason detection by Enhanced SCG failure report or depending on the UE context in the network side
According to the proposal 1, the MN will make initial analysis on the root cause of the failure. Regarding how the MN detect the problem. There are two approaches.

Approach 1: Depending on the UE context in the network side
The MN needs to keep the UE context about the source SN even after the successful SN change procedure. The MN also needs to know the PScell served by the SN. Based on the PScell location reporting mechanism, the MN could know the PScell ID. For example, the MN supporting MRO could always request the SN to report the PScell ID. So the MN could save the PScell ID in the UE context. The MN could also save the timer when the MN sends the SN release request message to the source SN for the successful SN change procedure. Therefore, based on the last served PScell ID, the failed PScell ID and the timer since last SN change to SCG failure, the MN could detect too early SN change, too late SN change or or wrong SN change when receives the SCG Failure Information from the UE.
Take the same example as in section 2.1 i.e. too early SN change, the MN could know there is a recent SN change procedure and which SN is the source SN, SCG failure happens in the target SN, the source SN is still suitable according to the measurement result included in SCG Failure Information. Then the MN sends a HO report like message to the source SN. 
Approach 2: the UE includes additional information in SCG Failure Information e.g. similar contents as in RLF Report.
In this approach, source PSCell Id, failed PSCell Id, timeConnFailure should be introduced in the SCG Failure Information message. When the MN receives SCG Failure Information message, the MN could know there is a recent SN change procedure and which SN is the source SN, SCG failure happens in the target SN, the source SN is still suitable according to the measurement result included in SCG Failure Information. Then the MN sends a HO report like message to the source SN. 
The parameters introduced in the SCG Failure report could be defined as below:
· Source PSCell Id: the source PSCell of the last SN change;
· Failed PSCell Id: the PSCell in which SCG failure is detected or the target PSCell of the failed SN change;

· timeSCGFailure: the time elapsed since the last SN change initialization until SCG failure;
Approach 1 needs the MN to save the source SN related information even after successful SN change. Approach 2 require information reported from the UE. Considering the information needed is similar to those in RLF report for handover case, it’s not difficult for the UE. RAN3 has agreed the UE reporting (as highlighted below). Therefore, similar for handover case, for legacy UE, approach 1 could be used. For Rel-17 UE, approach 2 could be used in order to avoid more memory in the MN node.
RAN3 discussed the RACH Optimization and Mobility Robustness Optimisation features for the NG RAN and agreed, as described in TR 37.816, the information that should be signalled by a UE to the NG RAN as part of the RACH Report, RLF Report and Successful Handover Report. 

RAN3 agreed that the information in the above reports should also apply to the SN node for MR-DC case.
Proposal 2: Approach 1 is used for legacy UE. Approach 2 should be supported for Rel-17 UE.

Proposal 3: LS to RAN2 is needed for the UE reporting.

2.3
Detailed solutions

Based on the Source PSCell Id, Failed PSCell Id, the interval between the trigger of last SN change procedure and SCG failure and the UE measurement result, the MN could detect too early SN change, too late SN change or wrong SN change (to another SN).
In case of too early SN change, wrong SN change, The MN should also decide whether it is the MN or the SN triggered the last SN change procedure (e.g. trouble-maker). If it is the MN, the MN can 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 4: 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 MN sends a HO report like message to the source SN. 
The SCG Failure Information received from the UE could be forwarded to the source SN as well. The source SN takes all the information (SCG Failure Information, decision of the MN) into account to decide the reason of SCG failure and makes some optimization.

Proposal 5:
Handover report like message should be sent to source SN from MN, including SCG Failure Information from UE, and the type of SN change failure decided by MN.
Because SCG failure could occur after successful SN change procedure, it’s possible that source SN have removed the UE context. 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 this 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 in the Handover Report like message. 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 6:
 Add Mobility Information in S-NODE ADDITION REQUEST ACKNOWLEDGE message and the Handover Report like message.

For too late SN change, SCG failure occurs before SN change procedure. Either MN or SN should have triggered SN change procedure. MN can conclude SN change too late and make optimization. The MN also informs the SN the event of too late SN change with the SCG Failure Information received from the UE.
The last question is which message should be defined to transfer the SCG failure event to source SN. A new XnAP message e.g. SCG Failure Report could be defined or the Handover Report message could be used.
Considering that most of the IEs in HANDOVER REPORT could be reused, re-using Handover Report message is slightly preferred. 
Proposal 7: It’s proposed for RAN3 to decide whether a new message or reusing Handover Report message to indicate the SCG failure event from the MN to the SN. Two sets of CRs were provided in [2][3].
3
Conclusions
This paper discussed the overall solution for the optimization of SN change failure in case of MR-DC. We have the following observations and proposals.

Observation 1: Alternative 2 has clear benefits for the signalling flow of SN change failure.

Proposal 1: It is proposed to agree Alternative 2 as the signalling flow for SN change failure scenario.

Proposal 2: Approach 1 is used for legacy UE. Approach 2 should be supported for Rel-17 UE.

Proposal 3: LS to RAN2 is needed for the UE reporting.

Proposal 4: 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 5:
Handover report like message should be sent to source SN from MN, including SCG Failure Information from UE, and the type of SN change failure decided by MN.
Proposal 6:
 Add Mobility Information in S-NODE ADDITION REQUEST ACKNOWLEDGE message and the Handover Report like message.

Proposal 7: It’s proposed for RAN3 to decide whether a new message or reusing Handover Report message to indicate the SCG failure event from the MN to the SN. Two sets of CRs were provided in [2][3].

The CR for reusing Handover Report message is provided in [1]. The CR for new message is provided in [2]. LS to RAN2 is in [3].
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