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1. Introduction
MRO was discussed during RAN3#105 with the following agreements:
· MRO mechanism shall support Rel-15 UEs
· Introduce failure indication message and HO report in Xn (message names can be revised offline)
· mobility information of source gNB should be included in HANDOVER REQUEST message
· UL and DL RAN configuration transfer mechanism is used to exchange MRO information between LTE and NR (i.e. in NG and S1) 
 Also a set of BL CRs are agreed. In this paper we review the current MRO solution and propose updates.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Intra system mobility
In the last meeting, RAN3 has agreed to introduce the failure indication message and HO report in Xn. In LTE, the TS 36.300 adds the description about how to use the failure indication message and HO report. Therefore we think it is needed to add some descriptions about how to use these messages. Also RAN3 has agreed that MRO mechanism shall support Rel-15 UE. Therefore the description should include the case of RRC re-establishment and RLF report.
[bookmark: _Toc20487311][bookmark: _Toc21009775]For the connection failure due to intra-system mobility, add the description about how to use the failure indication message and HO report in case of RRC re-establishment and RLF report
In the last meeting, RAN3 has agreed that the mobility information of source gNB should be included in HANDOVER REQUEST message. In LTE, the TS 36.300 adds the following description about the retrieval of information needed for problem analysis. 
	Retrieval of information needed for problem analysis
The information needed for detailed problem analysis may be retrieved from both, the UE and the network sides. The information that is collected at the UE is provided to the network with the RLF Report, which may be forwarded to the last serving node in the RLF INDICATION message and, in case of "Too Early HO" or "HO to Wrong Cell", further in the HANDOVER REPORT message.
In order to retrieve relevant information collected at the network side as part of the UE context, the UE provides C-RNTI used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" or a "HO to Wrong Cell", the eNB controlling the last serving cell shall, if supported, include in the HANDOVER REPORT message the C-RNTI used in the source cell of the last completed handover before the failure. If the eNB controlling that source cell provided the Mobility Information, it is included in the HANDOVER REPORT message. If used, the Mobility Information is prepared at the source eNB of a handover and may refer to or identify any handover-related data at this eNB.



In our understanding, these descriptions are also needed in TS 38.300. Also according to the email discussion [107#45], most companies think the C-RNTI is needed in the HO Report.
[bookmark: _Toc20487312][bookmark: _Toc21009776]For the connection failure due to intra-system mobility, add the description about retrieval of information needed for problem analysis. The description of LTE is the baseline.
RAN3 has agreed that MRO mechanism shall support Rel-15 UE. In our understanding, the network may not know whether the UE will report the RLF Report. The same issue is discussed in the SON of LTE. The solution is that MRO evaluation may be triggered twice for the same failure event and only one failure event should be counted. In our understanding, we can reuse the same solution.
[bookmark: _Toc20487313][bookmark: _Toc21009777]For the connection failure due to intra-system mobility, add the description about handling multiple reports from a single failure event. The description of LTE is the baseline.

For the structure of failure indication, we previously proposed to have this depending on the event that initiated the report. In the re-establishment case (for Rel-16 UEs) we may however have the RLF report available. In this case we will have duplicated information. Therefore, we propose to have choice based on the availability or the RLF report
[bookmark: _Toc20487314][bookmark: _Toc21009778]In failure indication over Xn, use a choice structure depending on presence of RLF report over Xn
In our understanding, for the connection failure due to intra-system mobility, the re-connected cell may not have Xn with the source cell. But the re-connected cell does not know whether cell is the source cell before it request the RLF report from the UE. According to the description in LTE, if the UE has reported the RLF report, the UE will discard the stored RLF report information. In our understanding, the NR will use the same principle. Therefore if the re-connected cell do not send the RLF report information to the source cell, then this RLF report will be discarded by the network. Therefore we think RAN3 should support the Failure indication in NG. In the last meeting, RAN3 has agreed the UL and DL RAN configuration transfer mechanism is used to exchange MRO information between LTE and NR. In our understanding, we can reuse the same mechanism..
[bookmark: _Toc20487315][bookmark: _Toc21009779]In failure indication over Ng, include the RLF report
According to the email discussion [107#45], some companies support that UE RLF Report could be provided via different RAT for MRO between gNB and ng-eNB. Also we think the intra-system MRO should include the MRO between ng-eNBs. Therefore we can add the UE RLF report of TS 36.331 in the RLF INDICATION of Xn.
[bookmark: _Toc20487316][bookmark: _Toc21009780]Add the UE RLF report of TS 36.331 in the RLF INDICATION of Xn.

For Handover report, the information carried will be slightly different depending on the failure type. Considering that we may also want to introduce other scenarios (e.g. inter system ping pong) we propose to use a choice structure per failure type.
[bookmark: _Toc20487317][bookmark: _Toc21009781]For Handover report over Xn, use a choice structure per failure type
In R15, the NG based handover has been supported. In our understanding, for the intra-system Too Early handover and the intra-system handover to wrong cell, the node receiving the failure indication may not have Xn with the node serving the UE before the last successful handover. Therefore we think it is necessary to support the handover report in NG. In our understanding, the information can be the same to the information in Xn.
[bookmark: _Toc21009782]Introduce the intra system Handover Report also in NG. 
2.2 Inter-system mobility
In LTE, the feature of requesting the RLF report is optional, and therefore the UE is specified to store the report for 24 hours, and indicate the availability whenever connecting to a new cell.
The current Rel15 RRC specification only allows reporting of failures when connected to EPC. RAN2 will discuss further on how this RLF reporting will be solved for the new use cases. For the inter system MRO cases, there is a possibility that the UE reports the RLF report (including information on last served NR cell) when connecting to E-UTRAN. Another option is that the UE stores the information and reports it back to an NG-RAN node when returning to NG-RAN.
Here, we believe that the reporting is up to RAN2 to decide, but there is a RAN3 related impact. We see the benefit of allowing the failure being reported in E-UTRAN and forwarded to NG-RAN over S1/NG. But we think that this will also put some new requirements to legacy node to update and decode the new NG-RAN RLF report in order to build the messages to be transmitted over S1/NG interfaces. We believe that this functionality (to receive the NG-RAN RLF report in E-UTRAN) should be optional and the availability of this function should be independent from the functionality of supporting the legacy LTE RLF report. 
If the node cannot distinguish between the legacy RLF report and the new RLF report when requesting the RLF report from the UE, we may either have to block all RLF reporting to a node not capable of handling NG-RAN RLF reports, or may have a solution where NG-RAN RLF reports are discarded by the network node not supporting this feature. 
[bookmark: _Toc20487318][bookmark: _Toc21009783]Clarify to RAN2, that in case there is agreement for sending an NG-RAN RLF report (from inter-system MRO events) in LTE, the support for this functionality in the node will be independent from legacy and therefore the request of the RLF report from the node to the UE should distinguish between these two reports.
Further, in case the RLF report is delayed due to lack of support in legacy node, we should enable the reporting on the interfaces in NG-RAN. Since this will be solved by forwarding the RLF report no major impact on stage 3 seems needed, but there may be some impact on the stage 2 text. 
[bookmark: _Toc20487319][bookmark: _Toc21009784]Adjust the stage2 text to include the possibility for sending inter system RLF reports between NG-RAN nodes in the failure indication message.
Finally, we also need to support the failure indication over NG. We believe that we can re-use the UE used for intra-system case over NG
[bookmark: _Toc20487320][bookmark: _Toc21009785]Introduce the Failure indication for inter-system case in NG
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
In this contribution, we review the current MRO solution and have the following proposals:
Proposal 1:	For the connection failure due to intra-system mobility, add the description about how to use the failure indication message and HO report in case of RRC re-establishment and RLF report
Proposal 2:	For the connection failure due to intra-system mobility, add the description about retrieval of information needed for problem analysis. The description of LTE is the baseline.
Proposal 3:	For the connection failure due to intra-system mobility, add the description about handling multiple reports from a single failure event. The description of LTE is the baseline.
Proposal 4:	In failure indication over Xn, use a choice structure depending on presence of RLF report over Xn
Proposal 5:	In failure indication over Ng, include the RLF report
Proposal 6:	Add the UE RLF report of TS 36.331 in the RLF INDICATION of Xn.
Proposal 7:	For Handover report over Xn, use a choice structure per failure type
Proposal 8:	Introduce the intra system Handover Report also in NG.
Proposal 9:	Clarify to RAN2, that in case there is agreement for sending an NG-RAN RLF report (from inter-system MRO events) in LTE, the support for this functionality in the node will be independent from legacy and therefore the request of the RLF report from the node to the UE should distinguish between these two reports.
Proposal 10:	Adjust the stage2 text to include the possibility for sending inter system RLF reports between NG-RAN nodes in the failure indication message.
Proposal 11:	Introduce the Failure indication for inter-system case in NG
Annex – TP to 38.300
15.X.2	Support for Mobility Robustness Optimization
Editor’s note: This section captures the stage 2 descriptions for Mobility Robustness Optimization
Editor’s note:All message names in this section are FFS.
15.X.2.1	General
Editor’s note: the content of this section is FFS.
Mobility Robustness Optimisation aims at detecting and enabling correction of following problems:
-	Connection failure due to intra-system or inter-system mobility;
-	Inter-system Unnecessary HO (too early inter-system HO with no radio link failure);
-	Inter-system HO ping-pong.
15.X.2.2	Connection failure due to intra-system mobility
Editor’s note: the content of this section is FFS.
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:
- [Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
- [Intra-system Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
- [Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
In addition, MRO provides means to distinguish the above problems from NR coverage related problems and other problems, not related to mobility.
Detection mechanism:
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	[Intra-system Too Late Handover]
There is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt) 
-	[Intra-system Too Early Handover]
There is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation.
-	[Intra-system Handover to Wrong Cell]
There is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward.
The detection of the above events, when involving more than one NG-RAN node, is enabled by the Failure Indication and Handover Report procedures.
The UE may perform an RRC re-establishment to an NG-RAN node. This node may forward information to the node that served the UE before the reported connection failure using the FAILURE INDICATION message over Xn.
The UE may make the RLF Report available to an NG-RAN node. This node may forward information to the node that served the UE before the reported connection failure using the FAILURE INDICATION message over Xn or by means of the uplink RAN configuration transfer procedure and downlink RAN configuration transfer over NG.
The node receiving the FAILURE INDICATION may send further send information about the failure using the HANDOVER REPORT message over Xn or NG to the node serving the UE before the last successful handover.
Retrieval of information needed for problem analysis
The information needed for detailed problem analysis may be retrieved from both, the UE and the network sides. The information that is collected at the UE is provided to the network with the RLF Report, which may be forwarded to the last serving node in the RLF INDICATION message and, in case of "Too Early HO" or "HO to Wrong Cell", further in the HANDOVER REPORT message.
In order to retrieve relevant information collected at the network side as part of the UE context, the UE provides C-RNTI used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" or a "HO to Wrong Cell", the NG-RAN controlling the last serving cell shall, if supported, include in the HANDOVER REPORT message the C-RNTI used in the source cell of the last completed handover before the failure. If the NG-RAN controlling that source cell provided the Mobility Information, it is included in the HANDOVER REPORT message. If used, the Mobility Information is prepared at the source NG-RAN of a handover and may refer to or identify any handover-related data at this NG-RAN.
Handling multiple reports from a single failure event
In case the RRC re-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-system mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted.

15.X.2.3	Connection failure due to inter-system mobility
Editor’s note: the content of this section is FFS.
One of the functions of Mobility Robustness Optimization is to detect connection failures that occurred due to Too Early or Too Late inter-system handovers. The UE makes the RLF Report available to the NG-RAN node after re-establishment attempt or after reconnecting from idle mode. These problems are defined as follows:
- [Inter-system/ Too Late Handover] An RLF occurs after the UE has stayed in a cell belong to NG-RAN node which connects with 5GC for a long period of time; the UE attempts to re-connect to an E-UTRAN cell which connects with EPC.
- [Inter-system/ Too Early Handover] An RLF occurs shortly after a successful handover from a E-UTRAN cell which connects with EPC to a target cell in a NG-RAN node which connects with 5GC; the UE attempts to re-connect to the source cell or to another E-UTRAN cell which connects with EPC.
The UE makes the RLF Report available to a NG-RAN node, when RLF happens in 5GS and the UE re-connects to a NG-RAN node. Availability of the RLF Report at the RRC connection setup or at a handover to NG-RAN node is the indication that the UE suffered a connection failure and that the RLF Report from this failure was not yet delivered to the network.
The NG-RAN node receiving the RLF Report from the UE may forward the report to the NG-RAN node that served the UE before the reported connection failure using the FAILURE INDICATION message over Xn or by means of the uplink RAN configuration transfer procedure and downlink RAN configuration transfer over NG. If present in the RLF Report, the radio measurements may be used to identify lack of coverage as the potential cause of the failure. 
Detection mechanism:
Detection mechanisms for Too Late Inter-system Handover and Too Early Inter-system Handover are carried out through the following:
-	[Too Late Inter-system Handover]
The connection failure occurs while being connected to a NG-RAN node, and there is no recent handover for the UE prior to the connection failure i.e., the UE reported timer is absent or larger than the configured threshold, e.g., Tstore_UE_cntxt, and the first node where the UE attempts to re-connect is a E-UTRAN node which connects with EPC.
-	[Too Early Inter-system Handover]
The connection failure occurs while being connected to a NG-RAN node, and there is a recent inter-system handover for the UE prior to the connection failure i.e., the UE reported timer is smaller than the configured threshold, e.g., Tstore_UE_cntxt, and the first cell where the UE attempts to re-connect and the node that served the UE at the last handover initialisation are both E-UTRAN node which connects with EPC.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure.In case the failure is a Too Early Inter-system Handover, the NG-RAN node receiving the FAILURE INDICATION message may inform the E-UTRAN node which connects with EPC by means of RAN Configuration Transfer procedure over NG.
The UE may make the RLF Report available to an NG-RAN node. The NG-RAN node may forward the information using the FAILURE INDICATION message over Xn or by means of the uplink RAN configuration transfer procedure and downlink RAN configuration transfer over NG to the node that served the UE before the reported connection failure. 
The UE may also make the RLF Report available to an E-UTRAN node. The E-UTRAN node may forward the information using the eNB configuration transfer procedure towards the NG-RAN node that served the UE before the reported connection failure
The NG-RAN node receiving the FAILURE INDICATION may send information of the failure by means of the uplink RAN configuration transfer procedure towards the E-UTRAN node serving the UE before the last successful handover for the too early or wrong cell cases.
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