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1	Introduction
[bookmark: _Hlk118118368]RAN3#117-e meeting discussed MRO enhancement for inter-system handover for voice fallback and achieved some agreements [1]: 
Consider Case 1-2 for MRO enhancements for inter-system inter-RAT handover for voice fallback:
-	Case 1: after failure (HOF/RLF) of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, a suitable E-UTRA cell is selected, and the UE tries RRC connection setup procedure for the voice service in the E-UTRA cell.
-	Case 2: after failure (HOF) of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, none suitable E-UTRAN cell can be selected, the UE reverts back to the configuration of the source PCell and initiates RRC re-establishment procedure in NR.
WA: The RLF Report needs to indicate that the last failed inter-system inter-RAT HO was triggered due to voice fallback. FFS on whether an explicit or implicit method is needed or not.
Further agreements were achieved in RAN3#117bis-e meeting [2]:
Deprioritize Case 5 for MRO enhancements for inter-system inter-RAT handover for voice fallback:
-	Case 5: the UE successfully performs inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, but the handover is about to failure.
Deprioritize MRO enhancements for redirection for voice fallback.
Introduce stage 2 descriptions of failure type definition for inter-system inter-RAT HO from NR to E-UTRA for voice fallback. 
Turn the WA into an agreement: The RLF Report needs to indicate that the last failed inter-system inter-RAT HO was triggered due to voice fallback.
RAN3#119 meeting agreed to capture stage-2 description of the failure type definition in [3]. Furthermore, RAN3#119bis-e meeting agreed to capture stage-2 description of the detection mechanism in [4].
In this paper, we would further discuss the left issues for MRO for inter-system handover for voice fallback.
2	Discussion
Until now, Case 1 and Case 2 are agreed for MRO consideration:
[bookmark: _Hlk126936766]-	Case 1: after failure (HOF/RLF) of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, a suitable E-UTRAN cell is selected, and the UE tries RRC connection setup procedure for the voice service in the E-UTRAN cell.
-	Case 2: after failure (HOF) of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, none suitable E-UTRAN cell can be selected, the UE reverts back to the configuration of the source PCell and initiates RRC re-establishment procedure in NR.
As summarized in [5], for Case 1, it can be split into two cases:
-	Case 1a: a suitable E-UTRAN cell2 is selected after HOF of inter-system inter-RAT handover from source NR cell1 to target E-UTRAN cell1;
-	Case 1b: a suitable E-TURAN cell2 is selected, after a RLF occurs shortly after a successful handover from source NR cell1 to target E-UTRAN cell1.
From RAN3 point of view, we would further discuss how to report and deliver RLF report for inter-system inter-RAT HO from NR to E-UTRAN for voice fallback.
For Case 1a, there are two potential options:
· [bookmark: _Hlk117757179][bookmark: _Hlk117771031][bookmark: _Hlk117770993]Option i: UE reports NR RLF report and source NR cell1 ID out of the NR RLF report to E-UTRAN cell2, E-UTRAN cell2 would not decode the NR RLF report, but based on the source NR cell1 ID, E-UTRAN cell2 would forward the NR RLF report to source NR cell1. In this option, the UE RLF Report Container is sent to the source NR cell1 over S1 and NG interfaces, for example, the existing ENB CONFIGURATION TRANSFER message can be reused to transfer the UE RLF Report Container from E-UTRAN cell2 to MME, MME shall transparently transfer the UE RLF Report Container towards the AMF serving the source NR cell1, then AMF shall transfer the UE RLF Report Container to the source NR cell1 via the existing DOWNLINK RAN CONFIGURATION TRANSFER message.
· Option ii: if UE is back to a NR cell3, UE reports NR RLF report to NR cell3, NR cell3 forwards the NR RLF report to source NR cell1. In this Option, the NR cell3 may transfer the UE RLF Report Container to the source NR cell1 directly via Xn interface, e.g. the existing FAILURE INDICATION message can be reused. Also, if there is no direct Xn interface, the NR cell3 may transfer the UE RLF Report Container to the source NR cell1 via NG interface, e.g. the existing UPLINK RAN CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message can be reused.
Compared with Option i, Option ii is preferred, since it has no stage 3 spec impact.
Proposal 1: For the case that a suitable E-UTRAN cell is selected after HOF of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback:
· When the UE is back to a NG-RAN node, the UE may send the NR RLF report to the connected NG-RAN node;
· The UE RLF Report Container may be transferred from the connected NG-RAN node to the source NG-RAN node via the existing FAILURE INDICATION message, or UPLINK RAN CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message.
[bookmark: _Hlk117771685]For Case 1b, UE may report LTE RLF report which is enhanced to include an indication concerning that the last failed inter-system inter-RAT HO was triggered due to voice fallback to E-UTRAN cell2, E-UTRAN cell2 forwards the LTE RLF report to target E-UTRAN cell1, target E-UTRAN cell1 decodes the LTE RLF report and explicitly transfers failure related information which is decoded from the LTE RLF report to source NR cell1. For example, the E-UTRA cell2 may transfer the UE RLF Report Container to the target E-UTRA cell1 via X2 interface e.g. the existing RLF INDICATION message can be reused, or via S1 interface e.g. the existing eNB CONFIGURATION TRANSFER message and MME CONFIGURATION TRANSFER message can be reused. Then, target E-UTRAN cell1 would forward the failure related informatin which is decoded from the UE RLF Report Container to the source NR cell1 over S1 and NG interfaces, e.g. the existing ENB CONFIGURATION TRANSFER message can be reused to transfer the failure related informatin which is decoded from the UE RLF Report Container from target E-UTRAN cell1 to MME, MME shall transparently transfer the failure related informatin which is decoded from the UE RLF Report Container towards the AMF serving the source NR cell1, then AMF shall transfer the failure related informatin which is decoded from the UE RLF Report Container to the source NR cell1 via the existing DOWNLINK RAN CONFIGURATION TRANSFER message.
Proposal 2: For the case that a suitable E-UTRAN cell is selected after a RLF occurs shortly after a successful inter-system inter-RAT handover from NR to E-UTRAN for voice fallback:
· The UE may send the LTE RLF report which is enhanced to include an indication concerning that the last failed inter-system inter-RAT HO was triggered due to voice fallback to the re-connected E-UTRAN node;
· [bookmark: _Hlk130307302]The UE RLF Report Container may be transferred from the re-connected E-UTRAN node to the target E-UTRAN node via the existing RLF INDICATION message, or eNB CONFIGURATION TRANSFER message and MME CONFIGURATION TRANSFER message. And, target E-UTRAN node may forward the failure related informatin which is decoded from the UE RLF Report Container to the source NG-RAN node over S1 and NG interfaces via the existing ENB CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message.
For Case 2: UE reverts back to the configuration of the source PCell and initiates RRC re-establishment procedure in a NR cell 2, after HOF of inter-system inter-RAT handover from source NR cell1 to target E-UTRAN cell1 and none suitable E-UTRA cell is selected. In the case, UE may report NR RLF report to NR cell 2, the NR cell2 may transfer the UE RLF Report Container to the source NR cell1 directly via Xn interface, e.g. the existing FAILURE INDICATION message can be reused. Also, if there is no direct Xn interface, the NR cell2 may transfer the UE RLF Report Container to the source NR cell1 via NG interface, e.g. the existing UPLINK RAN CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message can be reused. There seems no stage 3 spec impact on Xn signalling to support Case 2.
Proposal 3: For the case that the UE reverts back to the configuration of the source PCell and initiates RRC re-establishment procedure in a NR cell after HOF of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, the UE RLF Report Container may be transferred from the re-established NG-RAN node to the source NG-RAN node via the existing FAILURE INDICATION message, or UPLINK RAN CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message.
In RAN3#119bis-e meeting, only stage2 description of the detection mechanism for the case that connection failure occurs during an inter-system handover for voice fall back from NR was agreed to be captured in TS38.300 [4], however, it is FFS for the case that connection failure occurs in the target LTE cell after a recent inter-system handover for voice fall back. Since for RLF case the failure happens in LTE node, it is fine to capture the corresponding stage2 description in TS36.300.
-	Inter-system Mobility Failure during Voice Fallback: in case the connection failure occurs during an inter-system handover for voice fall back from NR, the RLF Report from the UE includes a voice fallback indication.
[bookmark: _Hlk134524763]Editor’s note 1: the name of the indication needs be refined when details are agreed in RAN2. Editor’s note 2 The following detection mechanism is FFS: In case the connection failure occurs in the target LTE cell after a recent inter-system handover for voice fall back (i.e., the UE reported timer is smaller than the configured threshold, e.g., Tstore_UE_cntxt)”
[bookmark: _Hlk134521998]Proposal 4: Stage 2 description of the detection mechanism for the case that connection failure occurs in the target LTE cell after a recent inter-system handover for voice fall back should be introduced in TS 36.300.
Based on above discussion, stage 2 description of failure detection mechanism for the case that connection failure occurs in the target LTE cell after a recent inter-system handover for voice fall back is attched in the Annex. Similar as in TS38.300, the stage 2 description of the failure type definition for Inter-system Mobility Failure for Voice Fallback should be captured in TS36.300.
3	Conclusion
In this contribution, we discussed MRO for inter-system inter-RAT handover for voice fallback, the following proposals are given:
[bookmark: _Hlk114835733][bookmark: _Hlk114835704]Proposal 1: For the case that a suitable E-UTRAN cell is selected after HOF of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback:
· When the UE is back to a NG-RAN node, the UE may send the NR RLF report to the connected NG-RAN node;
· The UE RLF Report Container may be transferred from the connected NG-RAN node to the source NG-RAN node via the existing FAILURE INDICATION message, or UPLINK RAN CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message.
Proposal 2: For the case that a suitable E-UTRAN cell is selected after a RLF occurs shortly after a successful inter-system inter-RAT handover from NR to E-UTRAN for voice fallback:
· The UE may send the LTE RLF report which is enhanced to include an indication concerning that the last failed inter-system inter-RAT HO was triggered due to voice fallback to the re-connected E-UTRAN node;
· The UE RLF Report Container may be transferred from the re-connected E-UTRAN node to the target E-UTRAN node via the existing RLF INDICATION message, or eNB CONFIGURATION TRANSFER message and MME CONFIGURATION TRANSFER message. And, target E-UTRAN node may forward the failure related informatin which is decoded from the UE RLF Report Container to the source NG-RAN node over S1 and NG interfaces via the existing ENB CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message.
Proposal 3: For the case that the UE reverts back to the configuration of the source PCell and initiates RRC re-establishment procedure in a NR cell after HOF of inter-system inter-RAT handover from NR to E-UTRAN for voice fallback, the UE RLF Report Container may be transferred from the re-established NG-RAN node to the source NG-RAN node via the existing FAILURE INDICATION message, or UPLINK RAN CONFIGURATION TRANSFER message and DOWNLINK RAN CONFIGURATION TRANSFER message.
Proposal 4: Stage 2 description of the detection mechanism for the case that connection failure occurs in the target LTE cell after a recent inter-system handover for voice fall back should be introduced in TS 36.300.
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[bookmark: _Toc20403247][bookmark: _Toc29372753][bookmark: _Toc37760712][bookmark: _Toc46498951][bookmark: _Toc52491264][bookmark: _Toc131026591]22.4.2.2a	Connection failure due to inter-RAT mobility
One of the functions of Mobility Robustness Optimisation is to detect connection failures that occurred due to Too Early or Too Late inter-RAT handovers or inter-system Mobility Failure during Voice Fallback. These problems are defined as follows:
-	[Too Late Inter-RAT Handover] An RLF occurs after the UE has stayed in an E-UTRAN cell for a long period of time; the UE attempts to re-connect to a UTRAN cell.
-	[Too Early Inter-RAT Handover] An RLF occurs shortly after a successful handover from a UTRAN cell to a target cell in E-UTRAN; the UE attempts to re-connect to the source cell or to another UTRAN cell.
[bookmark: _Hlk134532821]-	[Inter-system Mobility Failure during Voice Fallback] An RLF occurs shortly after a successful handover triggered due to Voice Fallback, or a failure occurs during an handover triggered due to Voice Fallback, from a cell belonging to an NG-RAN node to a cell belonging to an E-UTRAN node; the UE attempts to re-connect to a cell belonging to an E-UTRAN node, or an NG-RAN node.
The UE makes the RLF Report available to an eNB, when RLF happens in E-UTRAN and the UE re-connects to an eNB cell. Availability of the RLF Report at the RRC connection setup or at a handover to E-UTRAN cell 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 eNB receiving the RLF Report from the UE may forward the report to the eNB that served the UE before the reported connection failure using the RLF INDICATION message over X2 or by means of the eNB configuration transfer procedure and MME configuration transfer procedure over S1. If present in the RLF Report, the radio measurements may be used to identify lack of coverage as the potential cause of the failure. This information may be used to exclude those events from the MRO evaluation and redirect them as input to other algorithms.
Detection mechanisms for Too Late Inter-RAT Handover and , Too Early Inter-RAT Handover, and Inter-system Mobility Failure during Voice Fallback are carried out through the following:
-	[Too Late Inter-RAT Handover]
The connection failure occurs while being connected to an LTE cell, 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 cell where the UE attempts to re-connect is a UTRAN cell.
-	[Too Early Inter-RAT Handover]
The connection failure occurs while being connected to an LTE cell, and there is a recent inter-RAT 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 cell that served the UE at the last handover initialisation are both UTRAN cells.
-	[Inter-system Mobility Failure during Voice Fallback]
The connection failure occurs while being connected to an LTE cell, and there is a recent inter-system handover from NR to E-UTRAN for voice fallback 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 is a E-UTRAN cell. The RLF report from the UE includes a voice fallback indication.
Editor’s note: the name of the indication needs be refined when details are agreed in RAN2.
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-RAT Handover, the eNB receiving the RLF INDICATION message may inform the UTRAN node by means of the eNB Direct Information Transfer procedure over S1. The information contains:
-	Type of detected handover problem (Too Early Inter-RAT Handover);
-	UE RLF Report Container: the RLF Report received from the UE, as specified in TS 36.331 [16];
-	Mobility Information (optionally, if provided in the last Handover Resource Allocation procedure from the UTRAN node);

