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1 Introduction

Mobility Robustness optimization function has been extensively discussed in previous RAN3 and its principals have been agreed in [1]. One of the functions under discussion is inter system MRO to cope with failures happening when UE performs handover across different RATs connected to different cores (EPC and 5GC). In this paper, we briefly review the agreements and provide further analysis and a solution for Inter-system MRO.
2 Discussion
2.1.  Inter-system mobility robustness optimization
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. According to the baseline CR provided in [2] the following inter-system radio link failures should be supported as part of NR MRO SON function.
- [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.

In both cases mentioned-above, the RLF report will be compiled by NR RRC language as failure happens in NR while UE reconnects to a RAN node connected to the EPC. This means that if UE reports the RLF report to the eNB connected to the EPC, eNB shall decode the RLF report, at least to understand the identity of the node where it should be forwarded, and then forward it to the NG-RAN node in which the failure actually occurred. Decoding RLF report compiled by NR RRC language mandates the network to upgrade a legacy eNB to decode NG-RAN RRC and it implies that such eNB will need to be updated whenever there is a change in RLF report (e.g., upon updating the NR RLF report in next releases) which is a costly exercise for the operator. 
Observation 1 In inter-system MRO, reporting RLF Report to the eNB connected to EPC mandates upgrading an eNB RRC decoder to understand NG-RAN RRC and upon any change in NR RLF Report.

Therefore, in such cases it might be better to allow the UE to keep the RLF report in memory (at the UE) and avoid reporting it to the eNB connected to EPC. In fact, UE may detect the core network via cellAccessRelatedInfo broadcasted as part of SIB1. If cellAccessRelatedInfo-5GC exists it means 5GC is supported and RAN node is a ng-eNB. If it does not exist, eNB is only connected to EPC.
Observation 2 UE can distinguish eNB and ng-eNB via checking cellAccessRelatedInfo-5GC that is broadcasted as part of SIB1.

Therefore, we propose UE can keep the RLF report in case if the eNB is connected to EPC, and it indicates availability of RLF report to the network when reconnected to an NG-RAN node.
Proposal 1 In inter-system MRO, UE keeps the RLF report produced in NR RRC language until it reconnects to an NG-RAN node. 
If RAN3 agree with Proposal1, and assuming that there could be cases in which there is no Xn interface between the NG-RAN node receiving the RLF report and the NG-RAN node in which the failure had actually occurred, NG interface can be used to transfer the RLF report from NG-RAN node receiving the RLF report to the NG-RAN node in which the failure had actually occurred. Assuming agreement on the above-mentioned proposal we verify Too Late and Too Early HO failure separately in the following.

Inter-system Too Late HO
As we mentioned above, when a UE fails in NG-RAN node and reconnects to LTE connected to EPC, it should keep the RLF report until it reconnects to NG-RAN node. If the second NG-RAN node is different from the first NG RAN node, second NG-RAN node may signal the RLF report to the first NG-RAN node . If there is an Xn interface between two NG-RAN nodes, it can be used. Otherwise, an RLF report can be transferred as part of Uplink/Downlink RAN Configuration Transfer signal through AMF. 

Proposal 2 In inter-system Too Late HO, if there is an Xn interface between NG RAN node receiving the RLF report and NG-RAN node in which the failure occurred, RLF report can be sent over Xn interface. 
Proposal 3 In inter-system Too Late HO, if there is no Xn interface between NG RAN node receiving the RLF report and NG-RAN node in which the failure occurred, RLF report can be sent via Uplink/Downlink RAN Configuration Transfer via NG interface.
Inter-system Too Early HO

In case of Too Early HO, UE fails in HO to an NR cell or it may fail right after a successful HO and hence return back to the eNB connected to EPC. In such case, since the RLF is compiled by NR RRC language, UE may keep the RLF report until it reconnects to an NG-RAN node. UE can report the RLF to the NG-RAN node. In this case, not only it is needed to send an RLF report from reconnected NG-RAN node to the NG-RAN node in which the failure happened (this can be done over Xn or NG interface) but also it is needed to send a HO Report to the eNB connected to EPC indicating Too Early HO (This can be done only over NG and S1 interface). The latter is in line with the inter RAT MRO solution adopted in LTE and it is due to the fact that the eNB needs to know of the too early HO in order to optimize its handover trigger points and avoid similar failures in the future. Therefore, we propose
Proposal 4 In inter-system Too Early HO, if there is an Xn interface between NG RAN node receiving the RLF report and NG-RAN node in which the failure occurred, RLF report can be send over Xn interface. If there is no Xn interface, the NG interface can be used.
Proposal 5 In inter-system Too Early HO, after sending RLF report to the NG-RAN node in which the RLF actually occurred, a HO report should be sent from NG-RAN node (that was target of the HO) to the eNB connected to EPC (that was source of the HO) indicating Too Early HO. 
Proposal 6 In inter-system Too Early HO, HO Report from NG-RAN node to the eNB connected to EPC can be sent via Uplink RAN Configuration Transfer and MME Configuration Transfer signals over NG and S1 interfaces, respectively.  
Corresponding CRs supporting the above mentioned solution are provided in R3-196007, R3-196008, R3-196009.
3. Conclusion

Based on the discussion in section 2 we made the following conclusion
Observation 3 In inter-system MRO, reporting RLF Report to the eNB connected to EPC mandates upgrading an eNB RRC decoder to understand NG-RAN RRC and upon any change in NR RLF Report.

Observation 4 UE can distinguish eNB and ng-eNB via checking cellAccessRelatedInfo-5GC that is broadcasted as part of SIB1.

Based in the discussion in Section2 we made the following proposals:

Proposal 7 In inter-system MRO, UE keeps the RLF report produced in NR RRC language until it reconnects to an NG-RAN node. 
Proposal 8 In inter-system Too Late HO, if there is an Xn interface between NG RAN node receiving the RLF report and NG-RAN node in which the failure occurred, RLF report can be sent over Xn interface. 
Proposal 9 In inter-system Too Late HO, if there is no Xn interface between NG RAN node receiving the RLF report and NG-RAN node in which the failure occurred, RLF report can be sent via Uplink/Downlink RAN Configuration Transfer via NG interface.
Proposal 10 In inter-system Too Early HO, if there is an Xn interface between NG RAN node receiving the RLF report and NG-RAN node in which the failure occurred, RLF report can be send over Xn interface. If there is no Xn interface, the NG interface can be used.
Proposal 11 In inter-system Too Early HO, after sending RLF report to the NG-RAN node in which the RLF actually occurred, a HO report should be sent from NG-RAN node (that was target of the HO) to the eNB connected to EPC (that was source of the HO) indicating Too Early HO. 
Proposal 12 In inter-system Too Early HO, HO Report from Ng-RAN node to the eNB connected to EPC can be sent via Uplink RAN Configuration Transfer and MME Configuration Transfer signals over NG and S1 interfaces, respectively.  
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