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Introduction
There were some agreements for the Inter-system handover for voice fallback, as showed below
MRO for inter-system handover for voice fallback: 
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.
Whether to consider Case 4 and Case 5:
Case 4: after a successful inter-system inter-RAT handover from a first NG-RAN node to an E-UTRA node for voice fallback, the UE is handed over back to a second NG-RAN node from the E-UTRA node.
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.
Whether/how to introduce failure type definition for inter-system inter-RAT HO from NR to E-UTRA for voice fallback in stage 2;
Whether to consider MRO enhancements for redirection for voice fallback;
Whether to enhance the RLF report to indicate there was no suitable E-UTRA cell post voice fallback failure;
Further discuss stage 3 specification impacts (e.g. network interface) to support MRO for inter-system handover for voice fallback;
In this paper, for the agreed scenarios, we will give some potential solutions. Meanwhile, we also prefer to give our considerations on more potential scenarios for the Inter-system handover for voice fallback.
Discussion
New cases for inter-system HO voice fallback
Case 4: after a successful inter-system inter-RAT handover from a first NG-RAN node to an E-UTRA node for voice fallback, the UE is handed over back to a second NG-RAN node from the E-UTRA node.
[image: ]
Fig.1 voice fallback
The case 4 is showed in the above figure 1. First, there was handover from the first NG-RAN node1 to an E-UTRA cell for inter-system voice fallback. When the voice traffic ends, the UE is handed over back to the second NG-RAN node2 from the E-UTRA cell. In R16, the statistics regarding ping-pong occurrence is the UE History Information IE in the HANDOVER REQUIRED message sent from the E-UTRA node. According to the description in stage 2, the ping-pong evaluation is just based on the staying time information. Although the voice fallback information can be identified based on the HO Cause Value IE in the UE History Information IE, the NG-RAN node2 just performs inter-system ping-pong evaluation based on the staying time in the UE History Information IE. If the staying time in the E-UTRA cell is within a predefined limited time, an inter-system Ping-pong is evaluated by the second NG-RAN node2. Subsequently, the second NG-RAN node2 may indicate the occurrence of potential ping-pong cases to the first NG-RAN node1. 
Actually, this kind of inter-system handover is necessary due to voice fallback requirement. If the procedure is evaluated as inter-system Ping-pong, the first NG-RAN node1 may consider there are some problems for the inter-system mobility and wrongly adjust the parameters. This may bring the potential failures for UEs in the cell belonging to the first NG-RAN node1. 
Proposal 1: case 4 should be considered to avoid unnecessary inter-system ping-pong evaluation.
In fact, the voice fallback information can be identified based on the HO Cause Value IE in the UE History Information IE. If we take the handover cause into consideration, this kind of handover should not be evaluated as inter-system ping-pong.
Proposal 2: The voice fallback kind of handover caused should be considered for inter-system ping-pong evaluation.

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.
In our understanding, the case 5 can be classified as the case of the inter-system inter-RAT SHR. In last meeting, it was agreed to study the SHR for intra-system inter-RAT first. Thus, we prefer to deprioritize the case 5 until we agree to study the SHR for inter-system inter-RAT case.
Proposal 3: Case 5 is deprioritized until RAN3 starts the SHR for inter-system inter-RAT.

Based on the definition on the inter-system too early HO, there is only RLF case.
-	Inter-system/ Too Early Handover: an RLF occurs shortly after a successful handover from a cell belonging to an E-UTRAN node to a target cell belonging to an NG-RAN node; the UE attempts to re-connect to the source cell or to another cell belonging to an E-UTRAN node.
Based on the UE behaviour description for inter-RAT RLF report, it is worth noting that if the UE detects HOF during the voice fallback, the UE stores the handover failure information in the NR variable, while for RLF, the UE stores RLF information in the LTE variable. This may introduce the ASN.1 update, e.g., information to indicate the voice fallback. If the RLF occurs shortly in the target LTE, when the target LTE node receives the RLF report and decides the source NR node as the responsible one for the failure, it will give the HO Report and transmit it to the NR node. This will introduce additional impact on LTE RAN3 signalling. For the inter-system HO for voice fallback, we believe the principle is to reduce the impact on LTE as much as possible. Therefore, one potential solution is to exclude the RLF case from the inter-system HO for voice fallback.
Proposal 4: RAN3 focus on the HOF case for the inter-system handover for voice fallback.
Enhancements on RLF report
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.
From the simplicity point of view, the explicit indicator is expected. We understand that this seems more suitable to be decided by RAN2 than RAN3. We prefer to wait for the progress of RAN2.
Proposal 5: Wait for RAN2’s decision on whether an explicit or implicit method is needed to indicate that the last failed inter-system inter-RAT HO was triggered due to voice fallback.

Whether to enhance the RLF report to indicate there was no suitable E-UTRA cell post voice fallback failure;
When the voice fallback is initiated and the handover failure occurs, the UE first attempts to select an E-UTRA cell to continue the voice service. If a suitable E-UTRA cell is selected, the UE performs connection setup with the selected E-UTRA cell. Otherwise, the UE reverts back to the configuration used in the source NR cell and performs reestablishment with the source NR cell. It seems that the absence/presence of the reestablishment cell information can implicitly indicate whether there is no suitable E-UTRA cell post voice fallback failure. This can be finally checked in RAN2.
Proposal 6：Wait for RAN2 to decide whether the presence of the NR reestablishment cell information can implicitly indicate there was no suitable E-UTRA cell post voice fallback handover failure. 
Redirection 
The redirection procedure can also be used for the inter-system voice fallback. In this case, the NG-RAN node first releases the UE into RRC_IDLE state and may provide some redirected E-UTRA carrier information. The UE performs cell selection and finds a suitable E-UTRA cell to establish RRC connection.
If the connection with the E-UTRA cell fails, the UE need attempt to find new suitable E-UTRA cell to continue the voice service. In our understanding, the redirection failure due to voice fallback will degrade system performance and users experience a lot. It is highly anticipated to assist the network to identify the issue as soon as possible. In this way, the network can quickly optimize the related configuration to alleviate the effect from the redirection failure due to inter-system voice fallback. Therefore, it is highly anticipated to consider the redirection case for inter-system voice fallback MRO.
Proposal 7: Redirection case for inter-system voice fallback is considered.
Forwarding
Further discuss stage 3 specification impacts (e.g. network interface) to support MRO for inter-system handover for voice fallback;
For the inter-system voice fallback from NR to E-UTRA, there may be handover failure or RLF shortly after the successful handover in the target E-UTRA cell. As defined in R16 MRO, in case of the inter-RAT HOF, the UE stores the handover failure information in the NR ASN.1 format while for inter-RAT RLF in the LTE ASN.1 format.
For HOF case for inter-system voice fallback, the UE stores the RLF report in NR format. Subsequently, the RLF report will be reported to one NR reception node. The NR reception node can forwarded the received RLF report to the source NR node as a container. The delivery of the RLF report for inter-system voice fallback can reuse FAILURE INDICATION message in Xn interface and the UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER messages in NG interface. 
Observation 1: For HOF case for inter-system voice fallback, to deliver the RLF report for voice fallback failure, RAN3 can reuse FAILURE INDICATION message over Xn interface, or the UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER messages over NG interface.
Stage 2 impact
Whether/how to introduce failure type definition for inter-system inter-RAT HO from NR to E-UTRA for voice fallback in stage 2;
In R16, the inter-RAT RLF report has been supported since R15 for inter-system mobility. For inter-system mobility, there are two kinds of failure types as follows:
-	Inter-system/ Too Late Handover: an RLF occurs after the UE has stayed in a cell belonging to an NG-RAN node for a long period of time; the UE attempts to re-connect to a cell belonging to an E-UTRAN node.
-	Inter-system/ Too Early Handover: an RLF occurs shortly after a successful handover from a cell belonging to an E-UTRAN node to a target cell belonging to an NG-RAN node; the UE attempts to re-connect to the source cell or to another cell belonging to an E-UTRAN node.
According to current inter-system MRO definition, there is only inter-system/Too late handover for the handover from NG-RAN to E-UTRA. This cannot cover the inter-system handover for voice fallback from NR to E-UTRA. For the voice fallback, the UE receives the handover command and performs the handover to the target E-UTRA cell. When HOF occurs during the handover for inter-system voice fallback, if there is a suitable E-UTRA cell, the UE enters idle state and performs RRC connection establishment with the E-UTRA cell. It is worth noting that the suitable cell belongs to the same RAT as the target. This case seems kind of inter-system HO to wrong cell. Therefore, this subcase cannot be covered by the existing inter-system MRO failures. If there is no suitable E-UTRA cell, the UE should revert to the source NR cell. This is kind of inter-system too early handover but has no or little relationship with the normal handover. Technically speaking, it is possibly not reasonable to consider it as inter-system/too early handover from NR to E-UTRA. 
As discussed in section 2.2, there will be explicit or implicit information provided in the RLF report to assist the network to identify the voice fallback case. With this in mind, it seems not necessary to introduce the separate new failure type for inter-system handover for voice fallback. 
With the previous discussion in mind, it is noted that the voice fallback failure is one of the connection failure due to inter-system mobility but cannot be covered by the existing inter-system MRO failures. Therefore, we prefer to define the voice fallback as one separate MRO failure type within the section 15.5.2.2.3 connection failure due to inter-system mobility in stage 2 in TS38.300.
Proposal 8: For the inter-system HOF for voice fallback, introduce definition and detection of inter-system voice fallback in the stage 2 in TS38.300.
The corresponding TP in the stage 2 TS38.300 is attached in the Annex 1.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss enhancements for Inter-system handover for voice fallback, and we have the following observations and proposals:
[bookmark: _Hlk87520275]Observation 1: For HOF case for inter-system voice fallback, to deliver the RLF report for voice fallback failure, RAN3 can reuse FAILURE INDICATION message over Xn interface, or the UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER messages over NG interface.
Proposal 1: case 4 should be considered to avoid unnecessary inter-system ping-pong evaluation.
Proposal 2: The voice fallback kind of handover caused should be considered for inter-system ping-pong evaluation.
Proposal 3: Case 5 is deprioritized until RAN3 starts the SHR for inter-system inter-RAT.
Proposal 4: RAN3 focus on the HOF case for the inter-system handover for voice fallback.
Proposal 4: Wait for RAN2’s decision on whether an explicit or implicit method is needed to indicate that the last failed inter-system inter-RAT HO was triggered due to voice fallback.
Proposal 5：Wait for RAN2 to decide whether the presence of the NR reestablishment cell information can implicitly indicate there was no suitable E-UTRA cell post voice fallback handover failure. 
Proposal 6: Redirection case for inter-system voice fallback is considered.
Proposal 8: For the inter-system HOF for voice fallback, introduce definition and detection of inter-system voice fallback in the stage 2 in TS38.300.
Annex 1- TP on TS38.300 for inter-system HO for voice fallback
Start of the change

[bookmark: _Toc46502096][bookmark: _Toc51971444][bookmark: _Toc52551427][bookmark: _Toc109153939]15.5.2.2.3	Connection failure due to inter-system mobility
One of the functions of Mobility Robustness Optimization is to detect connection failures that occurred due to Too Early, and Too Late inter-system handovers and inter-system Voice Fallback handovers. These problems are defined as follows:
-	Inter-system/ Too Late Handover: an RLF occurs after the UE has stayed in a cell belonging to an NG-RAN node for a long period of time; the UE attempts to re-connect to a cell belonging to an E-UTRAN node.
-	Inter-system/ Too Early Handover: an RLF occurs shortly after a successful handover from a cell belonging to an E-UTRAN node to a target cell belonging to an NG-RAN node; the UE attempts to re-connect to the source cell or to another cell belonging to an E-UTRAN node.
-	Inter-system/ Voice Fallback Handover: a handover failure occurs during the handover from a cell belonging to a NR node to a target cell belonging to an E-UTRA node; the UE attempts to re-connect to a cell belonging to an E-UTRAN node or reverts back to the source cell.
Detection mechanism
A failure indication may be sent to the node last serving the UE when the NG-RAN node fetches the RLF REPORT from UE by triggering:
-	The Failure Indication procedure over Xn;
-	The Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG.
In case the last serving node is an E-UTRAN node, the detection mechanism proceed as defined in TS 36.300 [2].
In case the last serving node is an NG-RAN node, the detection mechanisms for Too Late Inter-system Handover and, Too Early Inter-system Handover and Inter-system voice fallback 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.
-	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.
-	Inter-system Voice Fallback Handover: the voice fallback information is provided in the RLF report.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure. 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.
In case the failure is a Too Early Inter-system Handover, the NG-RAN node receiving the failure indication may inform the E-UTRAN node by means of the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.
End of the change

3GPP
image1.png
D
_é_ voice




