[bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #113e                                                      R3-213659
E-Meeting: Aug 16th – Aug 26th, 2021                                     
	 
Agenda item:	10.2.1.6
Source:	Qualcomm Inc.
Title:	MRO for SN change failure
Document for:	Discussion and Decision
1. Introduction 
MRO for SN change failure has been discussed in the past meetings with the following agreements:
In case of a PSCell change failure, when the MN is responsible for SCG mobility, the MN corrects own configuration (no new signaling towards the SN is needed).


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

The definitions of SCG MRO failure events formulated in the TR 37.816 will be used, but it is FFS:
- if they shall apply to inter-SN change only or also to intra-SN PSCell change;
- If MN’s action is needed to declare SCG MRO failure event;

To support pre-Rel-17 UE, in case of SCG failure, the MN shall be able to identify if the last PSCell change was initiated by itself or an SN, and which SN it was. Further enhancements may be based on enhanced SCG failure information provided from the UE

“PSCell change” shall be mentioned in the definitions

WA: No need to transmit Time threshold (i.e. the Tstore_UE_cntxt) over network interface.

Prioritize NR-NR DC only

MRO issues for PSCell change failure are defined as below:
· Too late PSCell change: an SCG failure occurs after the UE has stayed for a long period of time in the PSCell; a suitable different PSCell is found based on the measurements reported from the UE.

· Too early PSCell change: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a PSCell change failure occurs during the PSCell change procedure; source PSCell is still the suitable PSCell based on the measurements reported from the UE.

· Triggering PSCell change to wrong PSCell: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a PSCell change failure occurs during the PSCell change procedure; a suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE.

MN performs initial analysis to identify the node that caused the failure. The node that caused the failure performs root cause analysis.

Define new message from MN to the initiating SN to forward SCGfailureinformation.

Additional information related to SCG failure reported from UE may be beneficial; details FFS.

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. 

Waiting for RAN2 on the contents in SCGFailureInformation.

FFS whether include the following IEs in the new XnAP message for carrying SCGfailureinformation:
· PSCell failure type
· Source PSCell CGI
· Failed PSCell CGI
· Suitable PSCell CGI
· Mobility Information
· PSCell selection assistant information, e.g., UE history information
· Initiating node type i.e., MN or SN
· S-NG-RAN node UE X2AP ID
· M-NG-RAN node UE XnAP ID 



In this paper, we discuss the open issues and provide proposals for the same.
2. Discussion
2.1 Definitions for PSCell Change scenarios
The definition for PSCell change scenarios have been agreed in last meetings and is summarized below:
	Too late PSCell change: 


	An SCG failure occurs after the UE has stayed for a long period of time in the PSCell
A suitable different PSCell is found based on the measurements reported from the UE.

	Too early PSCell change
	An SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a PSCell change failure occurs during the PSCell change procedure
Source PSCell is still the suitable PSCell based on the measurements reported from the UE

	Triggering PSCell change to wrong PSCell: 
	An SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a PSCell change failure occurs during the PSCell change procedure
A suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE



2.2 Support for Rel-17 UEs with enhanced SCGFailureInformation
RAN3 sent an LS to RAN2 (R3-211209) which is captured below: 
RAN3 discussed the solution for the optimization of PScell change failure for MRO in case of MR-DC. RAN3 agreed it is beneficial for the RAN to receive the list of information as shown below for the purpose of PSCell failure analysis:
1) CGI of the Source PSCell: the source PSCell of the last SN change. The source PSCell could be E-UTRA cell or NR cell. 

2) [bookmark: OLE_LINK13][bookmark: OLE_LINK14]CGI of the Failed PSCell: the PSCell in which SCG failure is detected or the target PSCell of the failed PScell change. The Failed PSCell could be E-UTRA cell or NR cell.
….
….

Also, from post email discussion in RAN2 [Post114-e][852] [SON/MDT] Modelling aspects related to information required by SN/SCG, it can be seen that RAN2 is OK to support the parameters requested by RAN3 in LS R3-211209 and will be mostly agreed in the next RAN2 meeting.
Proposal 9: RAN2 confirms that the 5 information requested by RAN3 LS ‎ R3-211332 ‎ are needed, and how to report them to the network could be further discussed.
Below we try to depict how the signaling would look like for different scenarios if RAN2 agrees to enhance SCGFailureInformation with some of the information requested in the LS.
	Scenario
	Signaling

	Too late PSCell change
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	Too early PSCell change or PSCell change to wrong cell
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	Intra-SN PSCell change without MN involvement before MRO analysis of previous PSCell change is complete
	[image: ]



Observation 1: If RAN2 agrees to support “CGI of the Source PSCell” and “CGI of the Failed PSCell” in SCGFailureInformation, MN can figure out if it was a 
i) Too late PSCell change by the absence of “CGI of the Source PSCell” IE and the presence of “CGI of the Failed PSCell”
ii) Too early PSCell change or PSCell change to wrong PSCell if the “CGI of the Source PSCell” is not same as the “CGI of the Failed PSCell”
Observation 2: MN might not be able to distinguish between too early PSCell change and PSCell change to wrong PSCell as it might not be aware of the suitable (best) PSCell during SCG Failure (e.g., MN might not be able to decode the container which contains the SN configured PSCell measurements, MN might not have configured PSCell measurements)
Proposal 1: If RAN2 agrees to support “CGI of the Failed PSCell” in SCGFailureInformation, MN can forward the PSCell Change Report to the SN of the Failed PSCell in case of too late PSCell change
Proposal 2: If RAN2 agrees to support “CGI of the Source PSCell” in SCGFailureInformation, MN can forward the PSCell Change Report to the SN of the Source PSCell in case of too early PSCell change and PSCell change to wrong PSCell
2.3 Support for pre-Rel-17 UEs
The following is agreed in a previous meeting:
To support pre-Rel-17 UE, in case of SCG failure, the MN shall be able to identify if the last PSCell change was initiated by itself or an SN, and which SN it was.
Observation 3: It was already agreed to support MRO for SN change failure for pre-Rel-17 UEs. To support this, in case of SCG failure, the MN shall be able to identify if the last PSCell change was initiated by itself or an SN, and which SN it was.
Proposal 3: MN should also be able to identify if the last PSCell change failure was an intra-SN PSCell change without MN involvement
The following is also agreed in a previous meeting:
In case of a PSCell change failure, when the SN is responsible for SCG mobility, the MN forwards the SCGFailureInformation to the SN initiating the last PSCell change (or the last serving SN, in case of too late SN change).
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.
Below we revisit the scenarios again, specially considering how to handle intra-SN PSCell changes without MN involvement. 
	Too late PSCell change
	Too early PSCell change/PSCell change to wrong cell
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MN has the following in its UE context
· SN that initiated PSCell change = N/A
· Last serving PSCell = A
· Failed PSCell = A
Upon receiving SCGFailureInformation, MN identifies the last serving SN and sends PSCell Change Report to the last serving SN to assist in performing root cause analysis. 


	[image: ]
MN has the following in its UE context
· SN that initiated PSCell change = A
· Last serving PSCell = B
· Failed PSCell = B 
For this scenario, it needs further discussion whether MN should forward the PSCell Change Report to the
· Option 1: SN which initiated the last PSCell change all the time without any check for intra-SN PSCell change occurrences

· Option 2: SN which initiated the last PSCell change in case there are no intra-SN PSCell change occurrences OR to the last serving PSCell if there are intra-SN PSCell changes



Proposal 4: In case of too late PSCell change, MN shall identify the last serving SN upon receiving SCGFailureInformation and send a PSCell Change Report to the last serving SN to assist the node in performing root cause analysis for pre-Rel-17 UEs
For too early PSCell change and PSCell change to wrong cell, we discuss and compare Option 1 and Option 2 in more detail below:
	Option 1: No check for intra-SN PSCell changes
	Option 2: Check for intra-SN PSCell changes

	MN identifies the SN which initiated last PSCell change and sends PSCell Change Report (keep current agreement)
	Step 1: MN may send a short question to the last serving SN upon reception of SCG failure information, asking whether a PSCell change without MN involvement had been performed. 
Step 2: The last serving SN replies this message indicating whether a PSCell change without MN had been performed 
Step 3: MN then uses the information to perform initial MRO analysis. Only once confirmed, the MN forwards the SCG failure information in PSCell Change Report.

	Class-2 message for PSCell Change Report
	Class-1 message for MN to check whether there was any intra-SN PSCell change and its reply +
 Class-2 message for PSCell Change Report

	Observation 4: No knowledge of intra-SN PSCell changes without MN involvement can lead MN to transfer PSCell Change Report to wrong SN for MRO analysis.
An example is shown below:
[image: ]
(Expanded figures in Appendix)
According to MN’s knowledge (has no idea of intra-SN PSCell change without MN involvement)
· SN that initiated last PSCell change = A
· Last serving SN = B 
	Works well even if there are intra-SN PSCell changes without MN involvement
[image: ]
(Expanded figures in Appendix)
 



Proposal 5: A class-1 message can be defined for MN to check with last serving SN whether there was any intra-SN PSCell change without MN involvement before sending the PSCell Change Report in a class-2 message 
Further MN can include the following in PSCell Change Report (similar to UE based solution in section 2.2) to support legacy UEs
· CGI of Source PSCell
· CGI of Failed PSCell
Proposal 6: MN should include the CGI of Source PSCell and CGI of Failed PSCell in PSCell Change Report to assist the node performing root cause analysis for pre-Rel-17 UEs.
2.4  Whether MN should identify failure type of PSCell change failure
As highlighted in Observation 2, MN might not be able to distinguish between too early PSCell change and PSCell change to wrong PSCell as it might not be aware of the suitable (best) PSCell during SCG Failure (e.g., MN might not be able to decode the container which contains the SN configured PSCell measurements, MN might not have configured PSCell measurements). 
It is therefore proposed for MN to not identify the failure type and signal it in the PSCell Change Report and leave it to the SN performing root cause analysis.
Proposal 7: MN should not provide the failure type (e.g., too early, too late) in PSCell Change Report. This should be determined by the SN performing the root cause analysis.
2.5 Applicable Scenarios
From post email discussion in RAN2 [Post114-e][852] [SON/MDT] Modelling aspects related to information required by SN/SCG, it can be seen that RAN2 is unclear whether to support EN-DC and NG-EN-DC scenarios.
Proposal 15: Check with RAN3 first about whether EN-DC and NG-EN-DC scenarios are in the consideration of RAN3 LS R3-211332 for the SCG failure recording for the purpose of PSCell failure analysis.
Moreover, it was previously agreed in RAN3 that:
Prioritize NR-NR DC only
However, in the LS R3-211332 sent to RAN2, it is mentioned that the source PSCell and failed PSCell could be a E-UTRA cell as well. To clarify RAN2 and focusing on the commercially deployed networks, we propose to send a clarification LS to RAN2 mentioning that the only EN-DC and NR-DC scenarios should be prioritized. 
We therefore have the following proposal,
Proposal 8: EN-DC and NR-DC scenarios should be considered for the SCG failure recording for the purpose of PSCell failure analysis. NG-EN-DC and NE-DC scenarios are not to be considered. Send an LS to RAN2 to clarify.
2.6 UE context in source PSCell


Figure 10.5.2-2: SN change procedure - SN initiated
Consider the following SN change scenario:
1. Successful SN change from S-SN to T-SN (step 8 is complete)
2. Start a timer T_SN_change in T-SN after step 8 to detect too early PSCell change
3. UE context is released at S-SN (step 17 is complete) before the expiry of T_SN_change
4. SCG Failure happens at T-SN post step-17, but before the expiry of T_SN_change (thereby detecting a too early PSCell change)
Observation 5: It is possible that the UE context is released at source PSCell before SCG failure is encountered at target PSCell in case of too early PSCell change scenario.
Observation 6: MN might not be aware of the value of the timer running at target SN to detect too early PSCell change failures.
Observation 7: If the UE Context Release at source SN can be delayed till the timer to detect too early PSCell change expires at target SN, source SN can receive the PSCell Change Report from MN (in case of SCG failure) without deleting the UE context and can be used for optimizing source SN configuration.
Proposal 9: RAN3 to confirm whether the source SN can keep the UE context till the timer to detect SN change failure expires.
Proposal 10: If Proposal 9 is not agreed, Mobility Information can be sent from source SN to MN in S-NODE ADDITION REQUEST ACKNOWLEDGE which can be included by MN back to source SN while sending PSCell Change Report
Proposal 11: M-NG-RAN node UE XnAP ID and S-NG-RAN node UE X2AP ID can be included in the PSCell Change Report to identify the UE context in source SN. 
3. Conclusion
Observation 1: If RAN2 agrees to support “CGI of the Source PSCell” and “CGI of the Failed PSCell” in SCGFailureInformation, MN can figure out if it was a 
iii) Too late PSCell change by the absence of “CGI of the Source PSCell” IE and the presence of “CGI of the Failed PSCell”
iv) Too early PSCell change or PSCell change to wrong PSCell if the “CGI of the Source PSCell” is not same as the “CGI of the Failed PSCell”
Observation 2: MN might not be able to distinguish between too early PSCell change and PSCell change to wrong PSCell as it might not be aware of the suitable (best) PSCell during SCG Failure (e.g., MN might not be able to decode the container which contains the SN configured PSCell measurements, MN might not have configured PSCell measurements)
Proposal 1: If RAN2 agrees to support “CGI of the Failed PSCell” in SCGFailureInformation, MN can forward the PSCell Change Report to the SN of the Failed PSCell in case of too late PSCell change
Proposal 2: If RAN2 agrees to support “CGI of the Source PSCell” in SCGFailureInformation, MN can forward the PSCell Change Report to the SN of the Source PSCell in case of too early PSCell change and PSCell change to wrong PSCell
Observation 3: It was already agreed to support MRO for SN change failure for pre-Rel-17 UEs. To support this, in case of SCG failure, the MN shall be able to identify if the last PSCell change was initiated by itself or an SN, and which SN it was.
Proposal 3: MN should also be able to identify if the last PSCell change failure was an intra-SN PSCell change without MN involvement
Proposal 4: In case of too late PSCell change, MN shall identify the last serving SN upon receiving SCGFailureInformation and send a PSCell Change Report to the last serving SN to assist the node in performing root cause analysis for pre-Rel-17 UEs
Observation 4: No knowledge of intra-SN PSCell changes without MN involvement can lead MN to transfer PSCell Change Report to wrong SN for MRO analysis.
Proposal 5: A class-1 message can be defined for MN to check with last serving SN whether there was any intra-SN PSCell change without MN involvement before sending the PSCell Change Report in a class-2 message 
Proposal 6: MN should include the CGI of Source PSCell and CGI of Failed PSCell in PSCell Change Report to assist the node performing root cause analysis for pre-Rel-17 UEs.
Proposal 7: MN should not provide the failure type (e.g., too early, too late) in PSCell Change Report. This should be determined by the SN performing the root cause analysis.
Proposal 8: EN-DC and NR-DC scenarios should be considered for the SCG failure recording for the purpose of PSCell failure analysis. NG-EN-DC and NE-DC scenarios are not to be considered. Send an LS to RAN2 to clarify.
Observation 5: It is possible that the UE context is released at source PSCell before SCG failure is encountered at target PSCell in case of too early PSCell change scenario.
Observation 6: MN might not be aware of the value of the timer running at target SN to detect too early PSCell change failures.
Observation 7: If the UE Context Release at source SN can be delayed till the timer to detect too early PSCell change expires at target SN, source SN can receive the PSCell Change Report from MN (in case of SCG failure) without deleting the UE context and can be used for optimizing source SN configuration.
Proposal 9: RAN3 to confirm whether the source SN can keep the UE context till the timer to detect SN change failure expires.
Proposal 10: If Proposal 9 is not agreed, Mobility Information can be sent from source SN to MN in S-NODE ADDITION REQUEST ACKNOWLEDGE which can be included by MN back to source SN while sending PSCell Change Report
Proposal 11: M-NG-RAN node UE XnAP ID and S-NG-RAN node UE X2AP ID can be included in the PSCell Change Report to identify the UE context in source SN. 
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