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1
Introduction

In RAN3 #117-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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In this contribution we discuss the way forward based on the agreements.

MRO for Fast MCG Recovery was also discussed, and the following scenarios have been agreed:
SCG fails or is deactivated when the UE attempts MCG recovery (i.e. a SCG failure/deactivation while T316 is running after MCG failure) 
The signalling delay is longer than the time the UE waits for the response (T316 expired); 
In this paper we will continue the discussion on the agreed scenarios and start analyzing its RAN3 impacts.

One other topic discussed last meeting was MRO for MR-DC SCG failure. And the following scenarios have been agreed:

Support MRO for SCG failure in EN-DC, NGEN-DC and NE-DC scenarios.
Take Stage 2 descriptions of PSCell change failure in TS37.340 as baseline for NE-DC SCG failure, and necessary updates can be added on top of it if needed.

Take Stage 2 descriptions of PSCell change failure in TS38.300 as baseline for NE-DC SCG failure, and necessary updates can be added on top of it if needed.

Take Stage 2 descriptions of PSCell change failure in TS37.340 as baseline for NGEN-DC SCG failure, and necessary updates can be added on top of it if needed.
Take Stage 2 descriptions of PSCell change failure in TS37.340 as baseline for EN-DC SCG failure, and necessary updates can be added on top of it if needed.
In this paper we will continue the discussion on the agreed scenarios and start analyzing its RAN2/3 impacts
2
Discussion

2.1 MRO for IRAT Handover due to Voice Fallback
2.1.1 RLF Report Enhancements
During RAN3#117 it was agreed that:

1) SHR for intra-system inter-RAT, HO from NR to LTE will be treated first

In RAN3 #117-e, a working assumption was agreed on indicating that last failed inter-system inter-RAT HO was triggered due to voice fallback.
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To indicate, in one way or another, in the RLF report that the last failed inter-system inter-RAT HO was triggered due to voice fallback was supported by most companies, while a few companies stated that it depends on which scenarios will be considered. In the same meeting, it was agreed to support case 1 and case 2 for MRO enhancements for inter-system inter-RAT handover for voice fallback, see below.
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In both cases, the UE would, upon mobility from NR failure, store the target E-UTRAN cell in VarRLF-Report.

In case 1 the UE would indicate that RLF information is available to NR once the voice call has ended, and the UE comes back to NR. Upon requesting and receiving the RLF information from the UE, there is no way for the network to know if the failed handover was triggered due to voice fallback, and hence the network cannot take suitable actions.

In case 2, the UE would indicate that RLF information is available to NR upon RRC-reestablishment in NR. But the network might not request the report until at a later stage, and once again, there is no way for the network to know that the failed handover was triggered due to voice fallback and take suitable actions.

Observation 1.1: In the considered scenarios, upon receiving the RLF report, there is no way for the network to know that the failed handover was triggered due to voice fallback
In addition, in RAN2 #119-e, the following was agreed:

RAN2 to include an indication regarding voice fallback in the RLF report.


FFS: implicit or explicit flag and other details.

Based on the agreed scenarios, as well as the RAN2 agreement, we therefore propose that the working assumption from RAN3 #117-e is turned in to an agreement.

Proposal 1.1: RLF Report indicates (implicitly or explicitly) that the last failed inter-system inter-RAT HO was triggered due to voice fallback
Whether to use an explicit or implicit method for indicating that the last failed inter-system inter-RAT handover was triggered due to voice fallback should be discussed in RAN2, which is also indicated in the FFS agreed in RAN2 #119-e above.

For case 2, where no suitable E-UTRAN cell is found after failure of inter-system inter-RAT handover, and the UE reverts back to the source PCell, this indicates a problem with E-UTRA (and hence also Voice fallback) coverage. This would be of benefit for the network to know in order to improve coverage.

Observation 1.2: It would be beneficial for the network to know if no suitable E-UTRAN cell is found after failure of inter-system inter-RAT handover in order to improve coverage

We therefore propose the following:

Proposal 1.2: RLF Report indicates (implicitly or explicitly) that no suitable E-UTRAN cell is found after failure of inter-system inter-RAT handover triggered due to voice fallback
2.1.2 Redirection for Voice Fallback
In RAN3 #117-e, some companies brought up the case when a UE initiating a voice call is released and redirected to E-UTRA, instead of performing a inter-system inter-RAT handover. It should be noted that release and redirect is not covered by the mobility robustness (MRO) functionality historically. 

Observation 1.3: Release and redirect is historically not covered by MRO functionality

The objectives in the WID [2] include “Support of data collection for SON features, including, MRO for MR-DC SCG failure scenario, and MRO enhancement for inter-system handover voice fallback”. In addition to the historical meaning of MRO, it can be seen that the objective is targeting the handover case, and not redirection.

Observation 1.4: Optimization of release and redirect for voice fallback is not included in the SON/MDT WID objectives

Further, optimization of release and redirect would imply that the UE would need to report any problems with the redirection, such as connection establishment failure to E-UTRA. 

Observation 1.5: Optimization of release and redirect for voice fallback would imply E-UTRA impact

NR enhancements should be of highest priority, and based on the above observations, we therefore propose to down prioritize the optimization of release and redirect for voice fallback.

Proposal 1.3: Optimization of release and redirect for voice fallback should have low priority
2.1.3 Failure Type Definition

In RAN3 #117-e the failure type definitions captured in TS38.300 [3], and whether additional failure types are needed for the voice fallback case, were discussed. In [3], the following failure cases are captured:

-
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.
Note that Inter-system/ Too Late Handover is the only NR to E-UTRAN handover case covered in the failure definition. In case the network would not know that a failure of an inter-system inter-RAT handover was triggered due to voice fallback this could incorrectly be seen as a Inter-system/ Too Late Handover in case the criteria for the failure type are fulfilled. When including a voice fallback indication in the RLF report however, as proposed in Proposal 1, this can be easily solved by removing those cases from the statistics though implementation, and no new failure type definition is needed.

Observation 1.6: With a voice fallback indication in the RLF report, as proposed in Proposal 1, voice fallback related handover failures can be removed from the statistics of the existing failures though implementation.

Proposal 1.4: No new failure type definition is needed
2.1.4 Successful IRAT Handover Report and Voice Fallback

In RAN3 #117, a Successful Handover Report (SHR) for successful inter-system voice fallback case was discussed. However, discussions on the addition of a IRAT SHR for the general IRAT handover scenario are still ongoing in RAN3. We therefore suggest postponing any discussions on SHR for successful inter-system voice fallback until the IRAT SHR discussions are ready.

Observation 1.7: Discussions on the addition of a IRAT SHR for the general IRAT handover scenario are still ongoing in RAN3.

Proposal 1.5: Postpone any discussions on SHR for successful inter-system handover triggered due to voice fallback until the IRAT SHR discussions are ready.

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:

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

· 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)

· The SN forwards the MCG Failure message to the MN

· 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.

Observation 2.1: In case of Fast MCG Recovery Failure due to the SCG being deactivated/suspended/de-configured, the network does not know why the UE could not transmit the MCGFailureInformation
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. 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, it was agreed that RAN3 works on EN-DC, NGEN-DC and NE-DC scenarios. But there are still left-overs from NR-DC which should also be studied.

2.3.1 Dual failure cases

One possible scenario when a UE is in DC operation, is that a failure on MCG occurs at about the same time as a failure on SCG. In that case, and for example if MCG fails first, UE will generate an RLF Report, but will never log any information on the SCG Failure. However, this information might be useful for the network, when analysing the causes of the failure and the possible corrections. Therefore, it is proposed to study the dual failure cases in NR-DC.
Proposal 3.1: Study dual failure cases (MCG and SCG) for NR-DC

2.3.2 DC status at the time of failure

At the time of failure, if a UE is in DC operation, another interesting information is the status of the other leg (i.e. the one that did not fail). For example, the UE could log the status of the SCG (deactivated/suspended/de-configured, measurements, etc…) in the RLF Report at the time of MCG failure. Or for example if the SCG fails UE could log some timer and counters of MCG in SCGFailureInfo message. This would be an interesting information for the node receiving the RLF report, to understand if the cell coverage (e.g. UE was still in the coverage of the other cell group, cell borders, etc…) and if for example a different combination of cells or frequencies could have helped to avoid the failure.

Proposal 3.2: For NR-DC, study the possibility to add information about SCG when MCG fails, or about MCG when SCG fails
2.3.3 Stage-3 and conclusion

During last meeting, it was also proposed to use existing IEs in existing XnAP messages to send the RRCFailureInformation message. This should be taken as baseline, and changes/additions need to be performed only if issues are detected e.g. IE is encoded in the wrong format.
Proposal 3.3: Reuse XnAP existing IEs in existing messages unless encoding issues are acknowledged
The scenarios in 2.3.1 and 2.3.2 have some RAN2 impacts, therefore it is proposed to ask RAN2 to study these scenarios.
Proposal 3.4: Send an LS to RAN2 with all scenarios agreed in RAN3 so far

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: In the considered scenarios, upon receiving the RLF report, there is no way for the network to know that the failed handover was triggered due to voice fallback
Proposal 1.1: RLF Report indicates (implicitly or explicitly) that the last failed inter-system inter-RAT HO was triggered due to voice fallback
Observation 1.2: It would be beneficial for the network to know if no suitable E-UTRAN cell is found after failure of inter-system inter-RAT handover in order to improve coverage
Proposal 1.2: RLF Report indicates (implicitly or explicitly) that no suitable E-UTRAN cell is found after failure of inter-system inter-RAT handover triggered due to voice fallback
Observation 1.3: Release and redirect is historically not covered by MRO functionality
Observation 1.4: Optimization of release and redirect for voice fallback is not included in the SON/MDT WID objectives
Observation 1.5: Optimization of release and redirect for voice fallback would imply E-UTRA impact
Proposal 1.3: Optimization of release and redirect for voice fallback should have low priority
Observation 1.6: With a voice fallback indication in the RLF report, as proposed in Proposal 1, voice fallback related handover failures can be removed from the statistics of the existing failures though implementation.

Proposal 1.4: No new failure type definition is needed
Observation 1.7: Discussions on the addition of a IRAT SHR for the general IRAT handover scenario are still ongoing in RAN3.

Proposal 1.5: Postpone any discussions on SHR for successful inter-system handover triggered due to voice fallback until the IRAT SHR discussions are ready.
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 does not know why the UE could not transmit the MCGFailureInformation
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
MRO for MR-DC SCG failure:
Proposal 3.1: Study dual failure cases (MCG and SCG) for NR-DC
Proposal 3.2: For NR-DC, study the possibility to add information about SCG when MCG fails, or about MCG when SCG fails

Proposal 3.3: Reuse XnAP existing IEs in existing messages unless encoding issues are acknowledged
Proposal 3.4: Send an LS to RAN2 with all scenarios agreed in RAN3 so far
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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.





WA: The RLF Report needs to indicate that the last failed inter-system inter-RAT HO was triggered due to voice fallback. 
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