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1	Introduction
[bookmark: _Hlk118118368]This contribution discussed the stage 3 and stage 2 impacts on MRO enhancement for inter-system handover for voice fallback.

2	Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The following scenarios were agreed to be considered on MRO enhancement for inter-system handover for voice fallback at RAN3#117 meeting: 
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.

At RAN3#117bis-e meeting, it was agreed to introduce stage 2 description of failure type definition.
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.

[bookmark: OLE_LINK58][bookmark: OLE_LINK59]At RAN3#119 meeting, the stage 2 TP for capturing the definition was agreed in R3-230993. 
At RAN3#119bis-e meeting, the detection mechanism was agreed to stage 2:
Stage-2 description of the detection mechanism will be introduced in TS 38.300 (based on R3-231585).
2.1	Stage 3 Impact
Case 1 includes RLF and HOF cases. Let’s check whether there is stage 3 impact for the two cases seperately.

[bookmark: OLE_LINK23]Case 1: RLF case
The signalling flow for this case is shown in Figure 1 below.


Figure 1: RLF of Case 1
RLF happens shortly after successful HO from gNB to eNB1. A suitable E-UTRA cell in eNB2 is selected. The UE tries RRC Connection Setup procedure in eNB2.
eNB2 forwards the received RLF Report to eNB1 using RLF Indication message. eNB2 can know the failed PCell ID from RLR report container. So no change is needed for RLF INDICATION message.

eNB1 detects the failure reason after receiving RLF Indication message in step 5. The main question is that whether any change in the message in step 6 and step 8 are needed.
The information included in Inter-system HO Report is copied below. 
===
[bookmark: _Toc45652516][bookmark: _Toc45658948][bookmark: _Toc45720768][bookmark: _Toc45798646][bookmark: _Toc45898035][bookmark: _Toc51746240][bookmark: _Toc64446504][bookmark: _Toc73982374][bookmark: _Toc88652464][bookmark: _Toc97891508][bookmark: _Toc99123690][bookmark: _Toc99662496][bookmark: _Toc105152574][bookmark: _Toc105174380][bookmark: _Toc106109378][bookmark: _Toc107409836][bookmark: _Toc112757025][bookmark: _Toc120537520]9.3.3.40	Inter-system HO Report 
This IE contains the inter-system HO report to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Handover Report Type
	M
	
	
	

	>Too early Inter-system HO 
	
	
	
	

	>>Source Cell ID
	M
	
	E-UTRA CGI
9.3.1.9
	CGI of the source cell for the HO. 

	>>Failure Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	CGI of the target cell for the HO.

	>>UE RLF Report Container
	O
	
	9.3.3.41
	

	>Inter-system Unnecessary HO
	
	
	
	

	>>Source Cell CGI
	M
	
	NG-RAN CGI 9.3.1.73
	Source NR cell in NG-RAN

	>>Target Cell CGI
	M
	
	E-UTRA CGI
9.3.1.9
	Target cell in E-UTRAN

	>>Early IRAT HO
	M
	
	ENUMERATED (true, false, ...)
	Is set to “true” if the measurement period expired due to an inter-RAT handover towards NR executed within the configured measurement duration and otherwise set to “false”

	>>……
	
	1
	
	


===
We can see only two Handover Report Type i.e. Too early and Inter-system Unnecessary HO are included. The too early Inter-system HO is from LTE to NR. These two are not proper to indicate the mobility failure from NR for voice fallback. 
There was comment at last RAN3 meeting that the source gNB can know inter-system mobility during voice fallback via the Voice Fallback Indicator in the RLF Report from the UE. However, RLF Report is in LTE RRC format. gNB cannot decode it. Therefore a new handover report type is needed otherwise the source gNB cannot differentiate the failure for Voice Fallback from other failures.
Observation 1: “Too early Inter-system HO” and “Inter-system Unnecessary HO” type included in Inter-system HO Report are not approriate to indicate inter-system Mobility Failure during Voice Fallback.
Proposal 1: Introduce new Handover Report Type i.e. ‘Inter-system Mobility Failure during Voice Fallback’ to Inter-system HO Report.

In case of Handover Report Type is Mobility Failure from NR for Voice Fallback, the following information are needed
· Source Cell ID
· Failure Cell ID
· Suitable Cell ID
· UE RLF Report Container
Similar as the Handover Report Type of“Too early Inter-system HO” and “Inter-system Unnecessary HO”, Source Cell ID and Failure Cell ID are needed which are madantory. For case 1, a suitable E-UTRA is selected. If the source gNB knows this suitable cell, the source gNB can know that the handover failure could be avoided if the handover target cell is this suitable cell. Suitable Cell ID could be optional.
Source Cell ID, Failure Cell ID, Suitable Cell ID are included in RLF Report. But RLF Report is in LTE RRC format. Maybe gNB cannot decode it. That’s why Source Cell ID, Failure Cell ID have been introduced for “Too early Inter-system HO”. With the same reason, Source Cell ID , Failure Cell ID , Suitable Cell ID for Mobility Failure from NR for Voice Fallback are needed.
Proposal 2: Include Source Cell ID , Failure Cell ID , Suitable Cell ID, UE RLF Report Container in case Handover Report Type is Inter-system Mobility Failure during Voice Fallback.

Case 1: HOF case
For handover failure, the RLF Report is in NR format. According to the current RAN2 specifcation, NR RLF Report can only be be reported to a gNB. RLF Report is reported to the network when the UE comes back to a NR cell e.g. gNB2. 
When gNB2 receives the RLF report from the UE. gNB2 forwards RLF Report to gNB1 via Xn or NG interface. gNB1 detect the reason and make correponding optimistion. Seems no further Xn or NG impact.
Observation 2: For supporting HOF of Case 1, there is no Xn or NG specification impact.

Case 2: 
-	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.
In this case, the UE initiates RRC re-establishment procedure in the source PCell or another NR cell. After the RRC reestablishment procedure is succesful, the UE sends RLF Report to the source gNB or another gNB. If another gNB, it can forward the RLF Report to the source gNB. Similar as HOF of Case 1, there is no Xn or NG specification impact.
Observation 3: For supporting Case 2, there is no Xn or NG specification impact.

Based on Proposal 1 and Proposal 2, the corresponding TP for TS38.413 is attached in the Annex as well.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: Agree the TP for TS38.413 in Annex A.
2.2	Stage 2 Impact
At RAN3#119 and RAN3#119bis-e meeting, the stage 2 TPs for capturing the definition and detection were agreed in R3-230993 and R3-231585. 
The following editor’s note was captured in the BLCR for TS38.300. 

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)”
Regarding how to detect the RLF shortly after successful inter-system handover from NR for voice fall back, the detection in the last serving LTE node could be described in TS36.300. 
The TP for TS36.300 for detection of RLF shortly after successful inter-system handover from NR for voice fall back is proposed in Annex C.
Proposal 4: Agree the TP for TS36.300 in Annex C.

A TP for TS38.300 to polish the agreed text is given in Annex B. 
Proposal 5: Agree the TP for TS38.300 in Annex B.

3	Conclusion
In this contribution, the stage 3 impacts on MRO for inter-system inter-RAT handover for voice fallback are discussed. We have the following observations and proposals.
[bookmark: _Hlk114840929]Observation 1: “Too early Inter-system HO” and “Inter-system Unnecessary HO” type included in Inter-system HO Report are not approriate to indicate inter-system Mobility Failure during Voice Fallback.
Proposal 1: Introduce new Handover Report Type i.e. ‘Inter-system Mobility Failure during Voice Fallback’ to Inter-system HO Report.
Proposal 2: Include Source Cell ID , Failure Cell ID , Suitable Cell ID, UE RLF Report Container in case Handover Report Type is Inter-system Mobility Failure during Voice Fallback.
Observation 2: For supporting HOF of Case 1, there is no Xn or NG specification impact.
Observation 3: For supporting Case 2, there is no Xn or NG specification impact.
Proposal 3: Agree the TP for TS38.413 in Annex A.
Proposal 4: Agree the TP for TS36.300 in Annex C.
Proposal 5: Agree the TP for TS38.300 in Annex B.
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Annex A: TP for TS38.413
9.3.3.40	Inter-system HO Report 
This IE contains the inter-system HO report to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Handover Report Type
	M
	
	
	

	>Too early Inter-system HO 
	
	
	
	

	>>Source Cell ID
	M
	
	E-UTRA CGI
9.3.1.9
	CGI of the source cell for the HO. 

	>>Failure Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	CGI of the target cell for the HO.

	>>UE RLF Report Container
	O
	
	9.3.3.41
	

	>Inter-system Unnecessary HO
	
	
	
	

	>>Source Cell CGI
	M
	
	NG-RAN CGI 9.3.1.73
	Source NR cell in NG-RAN

	>>Target Cell CGI
	M
	
	E-UTRA CGI
9.3.1.9
	Target cell in E-UTRAN

	>>Early IRAT HO
	M
	
	ENUMERATED (true, false, ...)
	Is set to “true” if the measurement period expired due to an inter-RAT handover towards NR executed within the configured measurement duration and otherwise set to “false”

	>>Candidate Cell List
	
	1
	
	

	>>>Candidate Cell Item
	
	1..<maxnoofCandidateCells>
	
	

	>>>>CHOICE Candidate Cell Type
	M
	
	
	

	>>>>>Candidate CGI
	
	
	
	

	>>>>>>Candidate Cell ID
	M
	
	NR CGI
9.3.1.7
	This IE contains an NR CGI.

	>>>>>Candidate PCI
	
	
	
	

	>>>>>>Candidate PCI
	M
	
	INTEGER (0..1007, …)
	This IE includes the NR Physical Cell Identifier of detected cells not included in the Candidate Cell List IE and for which an NR CGI could not be derived.

	>>>>>>Candidate NR ARFCN
	M
	
	INTEGER (0.. maxNARFCN)
	RF Reference Frequency as defined in TS 38.104 [39], section 5.4.2.1. The frequency provided in this IE identifies the absolute frequency position of the reference resource block (Common RB 0) of the carrier. Its lowest subcarrier is also known as Point A.

	>Inter-system Mobility Failure for Voice Fallback 
	
	
	
	

	>>Source Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	CGI of the source cell for the HO. 

	>>Failure Cell ID
	M
	
	E-UTRA CGI
9.3.1.9
	CGI of the target cell for the HO.

	>>Suitable Cell ID
	O
	
	E-UTRA CGI
9.3.1.9
	CGI of a suitable E-UTRA cell

	>>UE RLF Report Container
	O
	
	9.3.3.41
	



	Range bound
	Explanation

	maxnoofCandidateCells
	Maximum no. of candidate cells. Value is 32

	maxNARFCN
	Maximum value of NR carrier frequency, defined in TS 38.331 [18]




[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Annex B: TP for TS38.300
[bookmark: _Toc46502096][bookmark: _Toc52551427][bookmark: _Toc124536190][bookmark: _Toc51971444]15.5.2.2.3	Connection failure due to inter-system mobility
[bookmark: _Hlk130830206]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 or inter-system Mobility Failure for Voice Fallback. 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 Mobility Failure for 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.
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].
[bookmark: _Hlk134708730]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 Mobility Failure for Voice Fallback 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 Mobility Failure for 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.
Editor’s note 1: 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.

Annex C: TP for TS36.300
[bookmark: _Toc131026591][bookmark: _Toc20403247][bookmark: _Toc29372753][bookmark: _Toc37760712][bookmark: _Toc46498951][bookmark: _Toc52491264][bookmark: _Toc124792695]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-RAT Mobility Failure for 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.
-	[Inter-RAT Mobility Failure for 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-RAT Mobility Failure for 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-RAT Mobility Failure for Voice Fallback]
There is a recent inter-system handover from a NR cell 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 there is an indication of mobility failure from NR for voice fallback reported by the UE.
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.
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);
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