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1
Introduction

In TR 37.816, Successful handover report is caught as one of MRO functions in NR, which is used to provide a more robust mobility via reporting failure events observed during successful handovers.

Successful handover report can be transferred by UE to target NG-RAN node, and the target NG-RAN node could forward the successful handover report to source NG-RAN node via Ng or Xn interface. But which message is used and what IEs should be included for transfer the successful handover report is not clear.
This paper discusses the solutions to transfer Successful handover report from target NG-RAN node to source NG-RAN node.   
2
Discussion

Successful handover report is used to report the failure events observed during successful handover. It’s performed by making UE to generate a report associated to a successful handover comprising a set of measurements collected during the handover phase, i.e. measurement at the handover trigger, measurement at the end of handover execution or measurement after handover execution. UE sends the report to the target NG-RAN node. Then target NG-RAN node could forward the report to the source NG-RAN node to indicate failures experienced during a successful handover. The source NG-RAN node is able to analyse whether its mobility configuration needs adjustment according to the report. 
The successful handover report can be forwarded by the target NG-RAN node to the source NG-RAN node via Ng or Xn interface, but which PDUs and which IEs are used to transfer the successful handover report is not clear. 

We have 2 options to solve the issue.

Option 1: 
Reuse the message UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER at Ng interface for Ng based handover, and the message HANDOVER REPORT at Xn interface for Xn based handover. The signalling flows could be as the following figures.
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Figure 1: Option 1 for Ng based handover
Step 6: UE indicates the availability of a Successful Handover Report by the Handover Complete message.
Step 7 and 8: The target NG-RAN node may fetch information of a successful handover report via UE Information Request/Response mechanism.

Step 9 and 10: The target NG-RAN node forwards the successful handover report to the source NG-RAN node via the Ng messages Uplink/Downlink RAN Configuration Transfer.

Note: Step 9 and 10 can be performed at any time after step 8.
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Figure 2: Option 1 for Xn based handover

Step 4-6 are same with Step 6-8 in the figure 1.
Step 7: The target NG-RAN node forwards the successful handover report to the source NG-RAN node via the Xn message Handover Report.

Note: Step 7 can be performed at any time after step 6.

Option 2: 

Reuse the messages Handover Notify and UE Context Release Command at Ng interface for Ng based handover, and the message UE Context Release at Xn interface for Xn based handover. The signalling flows could be as the following figures.
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Figure 3: Option 2 for Ng based handover

Step 6-8 are same with Step 6-8 in the figure 1.

Step 9 and 10: The target NG-RAN node forwards the successful handover report to the source NG-RAN node via the Ng messages Handover Notify and UE Context Release Command.
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Figure 4: Option 2 for Xn based handover

Step 4-6 are same with Step 4-6 in the figure 2.

Step 9: The target NG-RAN node forwards the successful handover report to the source NG-RAN node via the Xn message UE Context Release.

Analysis:
Compared Option 1 and Option 2, we have:

	
	Pros
	Cons

	Option 1
	1. Uplink/Downline RAN Configuration transfer and Handover Report are Non-UE associated messages. It can be sent at any time after the target NG-RAN node retrieve successful handover report, and doesn't add the needed time during the handover is performed.
	1. Needs addition messages in the legacy handover procedures. It adds signalling load. 
2. The messages need to be enhanced to transfer the successful handover report.

	Option 2
	1. It doesn't impact on the legacy handover procedure.

	1. Handover Notify and UE Context Release have to be hold on until the successful handover report is retrieved by the target NG-RAN node. It could add the time for handover procedure.
2. The messages need to be enhanced to transfer the successful handover report


Both solutions can work. RAN3 could select one solution among the two. 
Proposal:
It is proposed for RAN3 to select one solution among the two to transfer Successful handover report from target NG-RAN node to source NG-RAN node.
3
Conclusions
The contribution analyzes the solutions to transfer Successful handover report from target NG-RAN node to source NG-RAN node. We have the following proposal.

Proposal:
It is proposed for RAN3 to select one solution among the two to transfer Successful handover report from target NG-RAN node to source NG-RAN node.
The TPs for the two options are included in Annex 1 (TP to TS 38.413) and Annex 2 (TP to TS 38.423).
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Annex1 –TP to TS 38.413
============ Beginning of the TP for Option 1==============
============ Beginning of 1st change ==============
9.3.3.7
SON Information

This IE identifies the nature of the configuration information transferred, i.e., a request, a reply or a report.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CHOICE SON Information
	M
	
	
	
	-
	

	>SON Information Request
	
	
	
	
	-
	

	>>SON Information Request
	M
	
	ENUMERATED

(Xn TNL Configuration Info, …)
	
	-
	

	>SON Information Reply
	
	
	
	
	-
	

	>>SON Information Reply
	M
	
	9.3.3.8
	
	-
	

	>SON Information Report
	
	
	
	
	YES
	ignore

	>>SON Information Report
	M
	
	9.3.3.Y1
	
	
	

	>Successful Handover  Report
	
	
	
	
	
	

	>>Successful Handover Report
	M
	
	9.3.3.xx
	
	
	


============ End of 1st change ==============
============ Beginning of 2nd change ==============

9.3.3.xx
Successful Handover Report 

This IE contains the Successful Handover Report information to be transferred to the source NG-RAN node from the target NG-RAN node.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE Successful Handover Report Container
	M
	
	OCTET STRING
	Editor's note


Editor's note:
The IE depends on RAN2’s decisions.
============ End of 2nd change ==============

============ End of the TP for Option 1 ==============
============ Beginning of the TP for Option 2==============
============ Beginning of 1rd change ==============

9.2.3.7
HANDOVER NOTIFY

This message is sent by the target NG-RAN node to inform the AMF that the UE has been identified in the target cell and the handover has been completed.

Direction: NG-RAN node ( AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	User Location Information
	M
	
	9.3.1.16
	
	YES
	ignore

	Successful Handover Report
	O
	
	9.3.3.xx
	
	YES
	ignore


============End of 1rd change ==============

============ Beginning of 2nd change ==============

9.2.2.5
UE CONTEXT RELEASE COMMAND

This message is sent by the AMF to request the release of the UE-associated logical NG-connection over the NG interface.
Direction: AMF ( NG-RAN node

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	CHOICE UE NGAP IDs
	M
	
	
	
	YES
	reject

	>UE NGAP ID pair
	
	
	
	
	
	

	>>AMF UE NGAP ID
	M
	
	9.3.3.1
	
	-
	

	>>RAN UE NGAP ID
	M
	
	9.3.3.2
	
	-
	

	>AMF UE NGAP ID
	
	
	
	
	
	

	>>AMF UE NGAP ID
	M
	
	9.3.3.1
	
	-
	

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Successful Handover Report
	O
	
	9.3.3.xx
	
	YES
	ignore


============ End of 2nd change ==============

============ Beginning of 3nd change ==============

9.3.3.xx
Successful Handover Report 

This IE contains the Successful Handover Report information to be transferred to the source NG-RAN node from the target NG-RAN node.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE Successful Handover Report Container
	M
	
	OCTET STRING
	Editor's note


Editor's note:
The IE depends on RAN2’s decisions.
============ End of 3rd change ==============
============ End of the TP for Option 2 ==============
Annex2 –TP to TS 38.423
============ Beginning of the TP for Option 1==============
============ Beginning of 1st change ==============
8.2.7
UE Context Release

8.2.7.1
General

For handover, the UE Context Release procedure is initiated by the target NG-RAN node to indicate to the source NG-RAN node that radio and control plane resources for the associated UE context are allowed to be released.

For dual connectivity, the UE Context Release procedure is initiated by the M-NG-RAN node to initiate the release the UE context at the S-NG-RAN node. For dual connectivity specific mobility scenarios specified in TS 37.340 [8], where SCG radio resources in the S-NG-RAN node are kept, only resources related to the UE-associated signalling connection between the M-NG-RAN node and the S-NG-RAN node are released. 
For UE context retrieval, the UE Context Release procedure is initiated by the new NG-RAN node to indicate to the old NG-RAN node that radio and control plane resources for the associated UE context are allowed to be released.
The procedure uses UE-associated signalling.

8.2.7.2
Successful Operation
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Figure 8.2.7.2-1: UE Context Release, successful operation for handover
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Figure 8.2.7.2-2: UE Context Release, successful operation for dual connectivity
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Figure 8.2.7.2-3: UE Context Release, successful operation for UE context retrieval
Handover

The UE Context Release procedure is initiated by the target NG-RAN node. By sending the UE CONTEXT RELEASE message the target NG-RAN node informs the source NG-RAN node of Handover success and triggers the release of resources.
Upon reception of the UE CONTEXT RELEASE message, the source NG-RAN node may release radio and control plane related resources associated to the UE context. If data forwarding has been performed, the source NG-RAN node should continue forwarding of user plane data as long as packets are received at the source NG-RAN node.
If the UE Successful Handover Report Container IE is included in the UE CONTEXT RELEASE message, the source NG-RAN node may use it as described in TS 38.300 [9].
Editor's note:
The definition of UE Successful Handover Successful Report depend on RAN2’s decision.
Dual Connectivity
The UE Context Release procedure is initiated by the M-NG-RAN node. By sending the UE CONTEXT RELEASE message the M-NG-RAN node informs the S-NG-RAN node that the UE Context can be removed.

Upon reception of the UE CONTEXT RELEASE message, the S-NG-RAN node may release radio and control plane related resources associated to the UE context. If data forwarding has been performed, the S-NG-RAN node should continue forwarding of user plane data as long as packets are received at the S-NG-RAN node.
UE Context Retrieval

The UE Context Release procedure is initiated by the new NG-RAN node. By sending the UE CONTEXT RELEASE message the new NG-RAN node informs the old NG-RAN node of RRC connection reestablishment success or RRC connection resumption success and triggers the release of resources.
Interaction with the M-NG-RAN node initiated S-NG-RAN node Release procedure:

The S-NG-RAN node may receive the S-NODE RELEASE REQUEST message including the UE Context Kept Indicator IE set to "True", upon which the S-NG-RAN node shall, if supported, only release the resources related to the UE-associated signalling connection between the M-NG-RAN node and the S-NG-RAN node, as specified in TS 37.340 [8].
8.2.7.3
Unsuccessful Operation

Not applicable.

8.2.7.4
Abnormal Conditions

If the UE Context Release procedure is not initiated towards the source NG-RAN node from any prepared NG-RAN node before the expiry of the timer TXnRELOCoverall, the source NG-RAN node shall request the AMF to release the UE context.

If the UE returns to source NG-RAN node before the reception of the UE CONTEXT RELEASE message or the expiry of the timer TXnRELOCoverall, the source NG-RAN node shall stop the TXnRELOCoverall and continue to serve the UE.
============ End of 1st change ==============

============ Beginning of 2nd change ==============
9.1.1.5
UE CONTEXT RELEASE

This message is sent by the target NG-RAN node to the source NG-RAN node to indicate that resources can be released.

Direction: target NG-RAN node ( source NG-RAN node, M-NG-RAN node ( S-NG-RAN node.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the source NG-RAN node or for dual connectivity at the S-NG-RAN node.
	YES
	reject

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the target NG-RAN node or for dual connectivity at the M-NG-RAN node.
	YES
	reject

	UE Successful Handover Report Container
	O
	
	OCTET STRING
	Editor's note
	YES
	ignore


Editor's note:
The IE depends on RAN2’s decisions.
============ End of 2nd change ==============
============ End of the TP for Option 1==============
============ Beginning of the TP for Option 2 ==============
============ Beginning of 1st change ==============
8.4.y
Handover Report
8.4.y.1
General

The purpose of the Handover Report procedure is to transfer mobility related information between NG-RAN nodes.

The procedure uses non UE-associated signalling.

8.4.y.2
Successful Operation
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Figure 8.4.y.2-1: Handover Report, successful operation

An NG-RAN node initiates the procedure by sending an HANDOVER REPORT message to another NG-RAN node. By sending the message NG-RAN node1 indicates to NG-RAN node2 that a mobility-related problem was detected.

If the Handover Report Type IE is set to "HO too early" or "HO to wrong cell", then the NG-RAN node1 indicates to NG-RAN node2 that, following a successful handover from a cell of NG-RAN node2 to a cell of NG-RAN node1, a radio link failure occurred and the UE attempted RRC Re-establishment either at the original cell of NG-RAN node2 (Handover Too Early), or at another cell (Handover to Wrong Cell). The detection of Handover Too Early and Handover to Wrong Cell events is made according to TS 38.300 [9].
If the UE-related information is available in NG-RAN node1, the NG-RAN node1 should include in HANDOVER REPORT message:

-
the Mobility Information IE, if the Mobility Information IE was sent for this handover from NG-RAN node2;

-
the Source cell C-RNTI IE.

If received, the NG-RAN node1 uses the above information according to TS 38.300.

If the NG-RAN node1 receives a UE RLF Report from an NG-RAN node via the FAILURE INDICATION message, as described in TS 38.300, the NG-RAN node1 may also include it in the UE RLF Report Container IE included in the HANDOVER REPORT message.
If the Handover Report Type IE is set to "Inter System ping-pong", then NG-RAN node1 shall deduce that a completed handover from a cell of NG-RAN node2 to a cell in another system might have resulted in an inter-system ping-pong and the UE was successfully handed over to a cell of NG-RAN node1 (indicated with Target cell ECGI IE).
If the UE Successful Handover Successful Report is received in the NG-RAN node1 as described in TS 38.300 [9], the NG-RAN node1 may also include it in the HANDOVER REPORT as UE Successful Handover Report Container IE, and set the Handover Report Type IE to "Successful HO Report".
Editor's note:
The definition of UE Successful Handover Successful Report depend on RAN2’s decisions.
8.4.y.3
Unsuccessful Operation

Not applicable.

8.4.y.4
Abnormal Conditions

Void.
============ End of 1st change ==============
============ Beginning of 2nd change ==============
9.1.3.y
HANDOVER REPORT
This message is sent by the NG-RAN node1 to report a handover failure event, or other critical mobility problem.

Direction: NG-RAN node 1 ( NG-RAN node 2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Handover Report Type
	M
	
	ENUMERATED (HO too early, HO to wrong cell, Successful HO report, …)
	
	YES
	ignore

	Handover Cause
	M
	
	Cause

9.2.3.2
	Indicates handover cause employed for handover from NG-RAN node 2
	YES
	ignore

	Source cell CGI
	FFS
	
	NG-RAN CGI

9.2.2.x NG-RAN CGI

9.2.2.x 

	NG-RAN CGI of source cell for handover procedure (in NG-RAN node 2)
	YES
	ignore

	Target cell CGI
	C- ifUERLFReportContainerAbsent
	
	NG-RAN CGI 9.2.2.X
	NG-RAN CGI of target cell for handover procedure (in NG-RAN node 1) .

If the Handover Report Type is set to “Inter System ping-pong”, it contains the target cell of the inter system handover from the other system to NG-RAN node 1 cell
	YES
	ignore

	Re-establishment cell CGI
	C-

ifHandoverReportType HoToWrongCell
	
	NG-RAN CGI 9.2.2.X
	NG-RAN CGI of cell where UE attempted re-establishment
	YES
	ignore

	Target cell in E-UTRAN
	C-

ifHandoverReportType Intersystempingpong
	
	OCTET STRING
	Encoded according to Global Cell ID in the Last Visited E-UTRAN Cell Information IE, as defined in in TS 36.413 [31]
	YES
	ignore

	Source cell C-RNTI
	O
	
	BIT STRING (SIZE (16))
	C-RNTI allocated at the source NG-RAN node (in NG-RAN node 2)
	YES
	ignore

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information provided in the HANDOVER REQUEST message from NG-RAN node 2.
	YES
	ignore

	UE RLF Report Container
	O
	
	OCTET STRING
	The UE RLF Report Container IE received in the FAILURE INDICATION message.
	YES
	ignore

	UE Successful Handover Report Container
	O
	
	OCTET STRING
	Editor's note
	YES
	ignore


	Condition
	Explanation

	ifHandoverReportType HoToWrongCell
	This IE shall be present if the Handover Report Type IE is set to the value "HO to wrong cell"

	ifUERLFReportContainerAbsent
	This IE shall be present if the UE RLF Report Container IE is absent 

	ifHandoverReportType Intersystempingpong
	This IE shall be present if the Handover Report Type IE is set to the value "Inter-system ping-pong"


Editor's note:
The IE depends on RAN2’s decisions.
============ End of 2nd change ==============
============ End of the TP for Option 2 ==============
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