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1
Introduction

In RAN3 #117bis-e, mobility robustness optimization for IRAT handover due to voice fallback was discussed. The summary of the offline discussion is captured in [1]. The following was agreed:
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The following parts were marked as to be continued:


In this contribution we discuss the way forward based on the agreements and the areas to be continued.
MRO for Fast MCG Recovery was also discussed, but no agreement was reached.
In this paper we will continue the discussion on the agreed scenarios and continue analyzing its RAN3 impacts.

One other topic discussed last meeting was MRO for MR-DC SCG failure. But many aspects needs further discussion, as captured in the meeting notes. In this paper we will look at these aspects and show it needs more progress from RAN2 first.
The last topic discussed last meeting was MRO for CPAC and the following agreements were made:
Not consider too late CPA.

CPA Execution to wrong PSCell will be considered, e.g. UE receives CPA configuration and CPA execution condition is satisfied, CPA execution fails or an SCG failure occurs shortly after a successful CPA execution; a suitable PSCell different with target PSCell is found based on the measurements reported from the UE.

Too Late CPC Execution, Too Early CPC Execution and CPC Execution to wrong PSCell will be considered: 

-
Too Late CPC Execution: UE receives CPC configuration, while a SCG failure occurs before CPC execution condition is satisfied; a suitable PSCell different with source PSCell is found based on the measurements reported for the UE.

-
Too Early CPC Execution: UE receives CPC configuration and CPC execution condition is satisfied, CPC execution fails or an SCG failure occurs shortly after a successful CPC execution; source PSCell is still the suitable PSCell based on the measurements reported from the UE.

-
CPC Execution to wrong PSCell: UE receives CPC configuration and CPC execution condition is satisfied, CPC execution fails or an SCG failure occurs shortly after a successful CPC execution; a suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE.

Some other aspects were still open for further discussion, such as whether to consider Too Early CPA Execution or the enhancements of SCG failure related information reported from the UE for MRO for CPAC. This paper will continue the discussion on these aspects.
2
Discussion

2.1 MRO for IRAT Handover due to Voice Fallback
2.1.1 Avoiding Incorrect Classification of Inter-System Ping-Pong
In RAN3 #117bis-e, no consensus could be reached on whether to include the failure scenario ‘case 4’ in the MRO for inter-system inter-RAT handover due to voice fallback discussions. 

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.
The arguments lifted for considering case 4 were that the scenario should be considered to avoid classifying a UE performing handover from a first NG-RAN node to an E-UTRA node for voice fallback, and then performing handover back to a second NG-RAN node. This could occur if the UE ends the voice call soon after the handover triggered due to voice fallback.

However, the visited cells are stored in the UE History Information together with the handover cause value, where the handover cause in case of handover due to voice fallback will be set to IMS voice EPS fallback or RAT fallback triggered. With this information, the gNB will be able to deduce from the UE History Information which handovers were triggered due to voice fallback, and an incorrect classification of these handovers as inter-system ping-pong can be avoided by implementation.
Observation 1.1: The gNB will be able to deduce from the UE History Information which handovers were triggered due to voice fallback, and can thereby avoid incorrect classification of inter-system ping-pong.
Based on this, there is no ned to consider the ‘case 4’ scenario in further discussions in RAN3.

Proposal 1.1: Do not consider the ‘case 4’ scenario in further discussions in RAN3.
2.1.2 Network interface to deliver RLF report
In the summary of the offline discussion from RAN3 #119bis-e [1], a number of topics related to the network interface to deliver the RLF were mentioned, and it was proposed to continue these discussions later. The topics are related both to which RAT to report the RLF report to, and to the transfer of the report to the concerned gNB.

Today, reporting of an NR RLF report to an E-UTRA node is not supported. As the RLF report for a mobility from NR failure will be created according to the NR specification 38.331, the UE will indicate the existence of the RLF report to NR when coming back to NR.

Observation 1.2: Reporting of an NR RLF report to an E-UTRA node is not supported today.
The same principle should be applied when the RLF report for mobility from NR failure is related to mobility from NR triggered for voice fallback reasons. 

Since the source PCell is already included in the RLF report, the NG-RAN node receiving the RLF report can forward the information to that node hosting the source PCell by using the FAILURE INDICATION message over Xn or by using the Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer over NG. This is already supported in specifications and requires no changes.

Observation 1.3: The forwarding of the RLF information to the source node is already supported in specifications and requires no changes.
Proposal 1.2: The reporting and forwarding of the RLF report for failed inter-system inter-RAT handover triggered due to voice fallback has no RAN3 impact.
2.3
Failure Type Definition

In RAN3 #117bis-e it was agreed to introduce a stage 2 failure type definition for inter-system inter-RAT handover from NR to E-UTRA for voice fallback.
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In TS38.300 [2], the following failure cases are captured under section 15.5.2.2.3 Connection failure due to inter-system mobility:

-
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.
Here, the inter-system inter-RAT handover from NR to E-UTRA failure for handovers triggered due to voice fallback could be captured as following:
-
Inter-system / Voice Fallback Triggered Handover Failure: a handover failure occurs when the UE attempts to handover from NG-RAN to E-UTRAN; the handover was triggered due to voice fallback.
In RAN2#119bis-e, it was agreed to include an explicit indication in the RLF report indicating that the inter-system inter-RAT handover that failed was triggered due to voice fallback.

1
An explicit indication is included in RLF-report when mobility from NR fails and the corresponding MobilityFromNRCommand includes voiceFallbackIndication

The detection of Voice Fallback Triggered Handover Failure can be based on this indication, as the cell receiving the RLF report will know that the failed inter-system inter-RAT handover was triggered due to voice fallback. A Text Proposal for 38.300 introducing the Voice Fallback Triggered Handover Failure type as well as the detection of this failure type is given in the Appendix of this contribution.

Proposal 1.3: Agree on the text proposal for 38.300 on introducing the Voice Fallback Triggered Handover Failure type, and the detection of the same, given in the Appendix of this contribution.
As mentioned in previous section, the cell receiving the RLF report with the voice fallback indication can forward the information to the source cell by using the FAILURE INDICATION message over Xn, or by using the Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer over NG.

It should be noticed that addition of the new failure type is only to be done in the stage 2 description in 38.300. In RAN3 #117bis-e, there was a proposal [3] on also including a new failure type in the Handover Report message sent between NG-RAN nodes. But the Handover Report is a means to allow for a cell receiving a FAILURE INDICATION (which is sent from the cell receiving the RLF report to the cell where RLF happened) to propagate the information to the source cell that triggered the handover. It is used when RLF occurs shortly after successful handover, i.e. in case of handover to wrong cell or too early handover, where the last serving cell is not the cell causing the failure. In case of failure of a handover triggered due to voice fallback, the failure indication would be sent directly to the cell triggering the handover, and the handover report would not be needed. Therefore, there is also no need to add the failure type in the handover report.
Observation 1.4: There is no need to add a Voice Fallback Triggered Handover Failure type to the handover report message.
Proposal 1.4: Do not add a Voice Fallback Triggered Handover Failure type to the handover report message.
2.2 Fast MCG recovery
Fast MCG Recovery has been standardized in previous 3GPP releases. The purpose of this feature is to use dual connectivity to improve robustness for the UE. The principle is the following:

1. UE is performing in Dual Connectivity (DC), served by a Master Cell Group (MCG - from MN) and a Secondary Cell Group (SCG – from SN)

2. In case of Radio Link Failure (RLF - e.g. coverage hole) declared in the MCG, and if the UE is still in coverage of the SCG, the UE will send an MCG Failure to the node hosting SCG (i.e. the SN)

3. The SN forwards the MCG Failure message to the MN

4. MN takes action to lower UE interruption time (e.g. performs an HO)
Also, SCG activation/deactivation has been standardized in 3GPP release 17. The purpose of this feature is to allow the SCG to be deactivated, while being configured, to e.g. reduce battery consumption in the UE. The MN or the SN can then take the decision to activate/deactivate the SCG leg at any time. In the SCG is deactivated, only the MCG leg can be used by the UE.

Fast MCG recovery uses SCG connectivity to signal MCG failure (i.e. RLF in MCG) to the MN, via Xn interface. However, at the time of failure, the SCG may be deactivated by the SN (thanks to the SCG activation/deactivation feature) when the UE encounters RLF in MCG and tries to signal the MCG failure via SCG radio leg or becomes suspended. Then, the UE cannot send the MCGFailureInformation to the SN. This will lead to fast MCG recovery failure and re-establishment procedure, and to an increased interruption time for the UE.

The failures related information associated to SCG is not reported to the network. However, the network does not know why the UE could not transmit the MCGFailureInformation and the SCG will never know about this failure and therefore will not be able to optimize its activation/deactivation parameters in order to ensure MCG fast recovery success. Also, the SCG does not know that the UE was configured with Fast MCG Recovery in that case.
Observation 2.1: In case of Fast MCG Recovery Failure due to the SCG being deactivated/suspended/de-configured, the network (MCG and/or SCG) does not know why the UE could not transmit the MCGFailureInformation
Observation 2.2: In case of Fast MCG Recovery Failure due to the SCG being deactivated/suspended/de-configured, SCG does not know that the UE was configured with Fast MCG Recovery
It is therefore proposed that the MN and the SN are aware of Fast MCG recovery failure due to SCG being deactivated/suspended/de-configured. 
Proposal 2.1: MN and the SN needs to be aware of Fast MCG recovery failure due to SCG being deactivated/suspended/de-configured
In case of Fast MCG Recovery failure, UE will declare RLF for the MCG. And even if for some cases the MN may know about the SCG deactivation, this information is not kept in the MN and may not be known when MN or SN receives the RLF Report. Therefore, the most straightforward solution would be to use an RLF Report to report Fast MCG Recovery Failure. And in that case, the SCG status at the time of Fast MCG Recovery attempt should be logged as well. The resulting RLF should then be received by both MN and SN.

Proposal 2.2: RLF Report shall be used to report Fast MCG Recovery Failure. It should include the SCG status at the time of Fast MCG Recovery attempt
Proposal 2.3: RLF Report in case of Fast MCG Recovery Failure is needed in both MN and SN
These agreements need to be taken into consideration by RAN2. Therefore, it is proposed to send an LS to RAN2.
Proposal 2.4: Send an LS to RAN2 including above RAN3 agreements
2.3 MRO for MR-DC SCG failure
During last RAN3 meeting, the following aspects were noted as “to be continued”:
1. how to introduce stage 2 descriptions of PSCell change failure in (NG)EN-DC in TS36.300;

2. whether/how to enhance SCGFailureInformationNR or SCGFailureInformationEUTRA message;

3. whether to introduce SCG FAILURE INFORMATION REPORT and SCG FAILURE TRANSFER over X2;

4. how to forward SCG failure information from MN to SN, e.g. via a new inter-node RRC message, reuse the existing CG-ConfigInfo inter-node message, or explicit IEs over Xn;

5. whether/how MN decodes measResultSCG to obtain SCG measurement result for MRO analysis.

2/ and 5/ are related to RRC messages and needs more progress from RAN2 point-of-view first. 3/ and 4/ depends on what RAN2 will decide for 2/ and 5/. And it is better to understand all the aspects of this topic before capturing the details in stage-2. Therefore, it is proposed to wait for more RAN2 progress before continuing the discussion in RAN3 on MRO for MR-DC SCG failure.
Proposal 3.1: wait for more RAN2 progress before continuing the discussion in RAN3 on MRO for MR-DC SCG failure
2.4 MRO for CPAC

During RAN3#117bis-e, some enhancements of SCG failure related information reported from the UE for MRO for CPAC was discussed. As part of this information, it was proposed to signal the CPAC specific candidate PSCell list and the execution conditions to the network. However, and since the UE is still attached to the network, it will send the SCGFailureInformation message to the MN right after SCG failure. Which will then be forwarded to the SN right away. Therefore, the SN can store the UE context for a very limited time, monitoring the SCG Failure shortly after PSCell change/CPAC. This UE Context will contain CPAC specific candidate PSCell list and the execution conditions. Also, it is crucial not to add too many information to the SCGFailureInformation message as it needs to be send as quickly as possible to the MN.
Observation 4.1: SCGFailureInformation message needs to be send as quickly as possible to the MN, and therefore needs to contain as little information as possible

Proposal 4.1: It is not needed to enhance the SCGFailureInformation message with CPAC candidates list and execution conditions
3
Conclusion
MRO enhancements for rel-18 SON have been discussed and the following observations and proposal have been made:
On MRO for IRAT Handover due to Voice Fallback:

Observation 1.1: The gNB will be able to deduce from the UE History Information which handovers were triggered due to voice fallback, and can thereby avoid incorrect classification of inter-system ping-pong.
Proposal 1.1: Do not consider the ‘case 4’ scenario in further discussions in RAN3.
Observation 1.2: Reporting of an NR RLF report to an E-UTRA node is not supported today.
Observation 1.3: The forwarding of the RLF information to the source node is already supported in specifications and requires no changes.
Proposal 1.2: The reporting and forwarding of the RLF report for failed inter-system inter-RAT handover triggered due to voice fallback has no RAN3 impact.
Proposal 1.3: Agree on the text proposal for 38.300 on introducing the Voice Fallback Triggered Handover Failure type, and the detection of the same, given in the Appendix of this contribution.
Observation 1.4: There is no need to add a Voice Fallback Triggered Handover Failure type to the handover report message.
Proposal 1.4: Do not add a Voice Fallback Triggered Handover Failure type to the handover report message.
On Fast MCG Recovery:

Observation 2.1: In case of Fast MCG Recovery Failure due to the SCG being deactivated/suspended/de-configured, the network (MCG and/or SCG) does not know why the UE could not transmit the MCGFailureInformation
Observation 2.2: In case of Fast MCG Recovery Failure due to the SCG being deactivated/suspended/de-configured, SCG does not know that the UE was configured with Fast MCG Recovery
Proposal 2.1: MN and the SN needs to be aware of Fast MCG recovery failure due to SCG being deactivated/suspended/de-configured
Proposal 2.2: RLF Report shall be used to report Fast MCG Recovery Failure. It should include the SCG status at the time of Fast MCG Recovery attempt
Proposal 2.3: RLF Report in case of Fast MCG Recovery Failure is needed in both MN and SN
Proposal 2.4: Send an LS to RAN2 including above RAN3 agreements
On MRO for MR-DC SCG failure:
Proposal 3.1: wait for more RAN2 progress before continuing the discussion in RAN3 on MRO for MR-DC SCG failure
On MRO for CPAC:
Observation 4.1: SCGFailureInformation message needs to be send as quickly as possible to the MN, and therefore needs to contain as little information as possible

Proposal 4.1: It is not needed to enhance the SCGFailureInformation message with CPAC candidates list and execution conditions
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Appendix: Text Proposal to 38.300

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 or Too Late inter-system 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 Triggered Handover Failure: a handover failure occurs when the UE attempts to handover from NG-RAN to E-UTRAN; the handover was triggered due to voice fallback.
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 deined 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, Too Early Inter-system Handover and Voice Fallback Triggered Inter-system Handover Failure 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.
-
Voice Fallback Triggered Inter-system Handover Failure: The connection failure occurs during mobility from NR, and the handover was triggered due to voice fallback, i.e. the RLF report from the UE includes a voiceFallbackIndication.
Editor’s notes: 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. 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.

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. The detailed descriptions are FFS.


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.








whether to consider Case 4 for MRO for inter-system handover for voice fallback;


details on failure type definition for inter-system inter-RAT HO from NR to E-UTRA for voice fallback in stage 2;


network interface to deliver RLF report for inter-system inter-RAT HO from NR to E-UTRA 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. The detailed descriptions are FFS.
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