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1. Introduction
In RAN#96-e a new WID on further enhancement of data collection for SON/MDT in NR standalone and MR-DC was approved [1]. The new Rel.18 WID on further enhancement of data collection for SON/MDT in NR standalone and MR-DC [1] contains various objectives that requires standardization efforts in RAN2 or/and RAN3. Specifically, the following was captured in the new WID:
The objective of this work item is to specify data collection enhancement in NR for SON/MDT purpose. The specific objectives of this work item are [RAN3, RAN2]:

- Support of data collection for SON features, including, MRO for MR-DC SCG failure scenario, and MRO enhancement for inter-system handover voice fallback,
· Specification of the UE reporting necessary to enhance the mobility parameter tuning [RAN2]

· Specification of the inter-node information exchange, including possible enhancements to interfaces [RAN3]

In particular, we would like to suggest that SON aspects of voice fallback is ranked as high priority. In this contribution, we will outline the scope and the requirements that RAN3 should address first in Rel.18 when it comes to SON aspects of voice fallback.
2. Discussion
2.1 MRO for inter-system voice fallback
In the initial phase of NR network deployment, NR cells do not support VoNR. Inter-system fallback towards E-UTRAN can be performed when 5GC does not support emergency services, voice services, for load balancing etc. Depending on factors such as CN interface availability, network configuration and radio conditions, one of the fallback procedure is the handover for RRC_CONNECTED state mobility. The other is the redirection for RRC_IDLE state mobility.

Observation 1: There are two fallback procedures: handover for RRC_CONNECTED state and redirection for RRC_IDLE state.
Case 1: Handover for inter-system voice fallback
As discussed in the previous section, it is possible that the NR network cannot support the voice service or emergency service. When the UE initiate the voice relate service, the handover for inter-system voice fallback can be triggered by the NR network with CN interface availability. For the handover case, the UE receives the handover target E-UTRA cell and related configurations in the MobilityFromNRCommand message. The UE performs random access procedure with the target E-UTRA cell and sends the handover complete message to the network. During the successful handover procedure, the UE stays in RRC_CONNECTED state. It is highly anticipated that SON related reports can be enhanced to support the handover case due to inter-system voice fallback to further improve the robustness of the network and improve the user experience.

Proposal 1: Handover case for inter-system voice fallback is considered.
Case 2: Redirection for inter-system voice fallback

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.

The performance of the voice fallback will also be of crucial importance for the UE experience. It is highly anticipated to consider the redirection case for inter-system voice fallback MRO.
Proposal 2: Redirection case for inter-system voice fallback is considered.
2.2 Important aspects for inter-working with other MRO functionality
One important part of RAN3 work should also be to investigate existing functionality and how this is impacted by fallback. The main problem is to differentiate these mobility events from “normal” mobility events.
· Impact on ping pong detection
· Impact on CEF detection 

· Impact on inter-RAT RLF detection 

· Impact on SHR

Impact on Inter-system ping-pong due to voice fallback

As outlined in the above discussion, there is handover from the first NG-RAN node to an E-UTRA cell for inter-system voice fallback. When the voice traffic ends, it is possible that the UE is handed over back to the second NG-RAN node from the E-UTRA. In R16, the statistics regarding ping-pong occurrence may be based on evaluation of the UE History Information IE in the HANDOVER REQUIRED message sent from the E-UTRA node. 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 node. Subsequently, the second NG-RAN node may indicate the occurrence of potential ping-pong cases to the first NG-RAN node. 
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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 node 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 node. 
Proposal 3: Inter-system Ping-pong evaluation is considered for handover case of inter-system voice fallback.

Impact on CEF detection

For handover case for inter-system voice fallback, there is no connection establishment case in LTE. As for redirection case, the UE performs connection establishment procedure in LTE for voice traffic. If the connection failure is detected, the UE will generate CEF report. Currently, there are basic failure information including cell information, measurement results and time information. Generally, the redirection due to inter-system voice fallback will increase additional connection establishment requirements. In our understanding, the CEF 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.
Proposal 4: CEF report in LTE is considered for redirection case of inter-system voice fallback.

Impact on MRO detection 

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.

As discussed in the previous section, different from normal handover which is mainly triggered due to the coverage reason, the handover for inter-system voice fallback will be triggered due to the coming voice traffic. Technically speaking, the sets of mobility parameters for voice fallback and others may be separate. When HOF or RLF occurs during the handover for inter-system voice fallback, inter-RAT RLF report is generated. When the network receives the RLF report, it should analyse the potential problems and adjust the corresponding parameters. However, currently, there is not enough information provided in the RLF report for the network to identify the voice fallback case from others. It is highly desirable to consider some enhancements into the RLF report to distinguish the voice fallback cases from others. 

Proposal 5: Inter-RAT RLF detection is considered for handover case of inter-system voice fallback.
Impact on SHR
In R17, intra-NR SHR was introduced. If at least one of the SHR triggering condition is met and the UE successfully complete the RA procedure with the target cell, the UE generates the SHR. For handover case of inter-system voice fallback, the UE performs RA procedure with the target E-UTRA cell. In R17, SHR is not defined in LTE. In R18, inter-RAT SHR is still under discussion. Currently, the use case and scope are still not clear. For successful handover due to inter-system voice fallback, it is preferred to wait for the progress of the inter-RAT SHR before starting the impact analysis. 

In addition, for successful redirection due to inter-system voice fallback, it is expected to introduce SHR kind of report to identify the possibly underlying redirection failure. This will also be of importance for the source node to optimize the redirection related parameters.

Observation 2: Successful inter-system voice fallback case is discussed after R18 inter-RAT SHR is captured.
3. Conclusion
In this paper, we discuss the potential scenarios related inter-system voice fallback and give our considerations on potential solutions. The following observations and proposals are provided:
Observation 1: There are two fallback procedures: handover for RRC_CONNECTED state and redirection for RRC_IDLE state.
Observation 2: Successful inter-system voice fallback case is discussed after R18 inter-RAT SHR is captured.
Proposal 1: Handover case for inter-system voice fallback is considered.
Proposal 2: Redirection case for inter-system voice fallback is considered.
Proposal 3: Inter-system Ping-pong evaluation is considered for handover case of inter-system voice fallback.
Proposal 4: CEF report in LTE is considered for redirection case of inter-system voice fallback.

Proposal 5: Inter-RAT RLF detection is considered for handover case of inter-system voice fallback.
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