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1
Introduction

In last RAN3#107-e, the open issues and agreements of Intra-System and Inter-System Connection Failure for MRO were summarized in R3-201125. Some issues e.g. issue 2.2 are related with the conclusion in RAN2. RAN2 made further progress in Feb. e-meeting. The agreements related with MRO was copied below. 
Agreements:

4     Add “No suitable cell found” flag in the NR RLF report when T311 expires.
5
The UE shall include the LTE RLF report in the UEInformationResponse message to NR node.
6
The UE shall include the TAC of the failed cell (failedPCellId-r16) in the RLF report.
9
For RLF Report, add the TrackingAreaCode IE into CGI info for the failed cell and source cell.
12
CGI info of a NR cell includes: plmn-identity and cellIdentity:

Plmn-identity is defined:

identifies the PLMN of the cell for the reported cellIdentity: the first PLMN-Identity in plmn- IdentityList;
CellIdentity belongs the first PLMN-IdentityInfo IE of PLMN-IdentityInfoList;

15   Postpone the issue of NR RLF reporting to LTE to R17.
16
The UE shall include the failedPCellId using the NR RRC format and include the RLF report as an LTE RRC encoded OCTET STRING to the NR node. Details can be addressed in running CR;

17
Introduce a capability in 38.306 for cross-RAT RLF report delivery.
18
The UE shall include the TAC of the source cell (previousPCellId-r16) in the RLF report.
19
Re-connection attempt cell is not included in the RLF report.
This contribution continued the discussion on RAN3 leftover open issues by taking RAN2 agreement into account.
2
Discussion
2.1 The definition of UE RLF Report Container IE 

In XnAP BL CR, the definition of UE RLF Report Container was tentatively given. Now RAN2 has agreement on the IE definition. So we can update the definition based on RAN2 agreement.

RAN2 has agreed the LTE RLF report to NR. So the RLF -Report-r16 IE contained in the UEInformationResponse message in TS 38.331 includes a choice value. It could be either nr-RLF-Report-r16 or a eutra-RLF-Report-r16.
RAN2 postponed the issue of NR RLF reporting to LTE to R17. The RLF report in LTE RRC is defined as RLF-Report-r9. New IEs in Rel-16 e.g. measResultListNR-r16 will be added into RLF-Report-r9.

Considering the NG-RAN nodes in XnAP could be a gNB or ng-eNB, the UE RLF Report Container transmitted over XnAP RLF Indication message could be RLF -Report-r16 IE in TS38.331 or RLF-Report-r9 in TS36.331. In detail, it could be the following cases:

Table 1
	Case
	From (the node sending RLF Indication message)
	To (the node where RLF happened and receiving RLF Indication message)
	UE RLF Report Container in RLF INDICATION message

	1
	gNB
	gNB
	RLF-Report-r16 IE in TS38.331 

	2
	gNB
	ng-eNB
	RLF-Report-r9 IE in TS36.331

	3
	ng-eNB
	ng-eNB
	RLF-Report-r9 IE in TS36.331

	4
	ng-eNB
	gNB
	Not possible in Rel-16 since RAN2 postponed LTE RLF Report to NR to Rel-17.
If RLF happened in a gNB, the UE may send UE RLF Report when the UE comes back to a NR cell. Then it is the first case i.e. gNB->gNB.


Proposal 1: UE RLF Report Container IE in RLF INDICATION message could be defined as follow. 
	    >>UE RLF Report Container
	O
	
	9.2.2.z
	RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	YES
	ignore


Proposal 2: The LTE UE RLF Report Container in 9.2.2.z is referred to RLF-Report-r9 IE contained in the UEInformationResponse message defined in TS 36.331.
	>>LTE UE RLF Report Container
	M
	
	OCTET STRING
	RLF-Report-r9 IE contained in the UEInformationResponse message defined inTS 36.331 [14].


If RLF happens in a gNB cell and the UE reconnects after the failure is a LTE cell in ng-eNB, the UE will only send the UE RLF report to the NG-RAN when the UE comes back to a gNB cell based on RAN2 agreement. RLF Indication from ng-eNB to gNB is not possible in Rel-16. This can be captured in stage 2 to make things clear.

Proposal 3: Capture in stage 2 about the intra-system inter-RAT MRO reporting.

2.2 The presence of Target cell CGI IE in Handover Report message 

Currently, the presence of Target cell CGI IE in Handover Report message is defined as C- ifUERLFReportContainerAbsent. From RAN2 point of view, a gNB may not understand the LTE RLF report container. That’s why RAN2 agreed to include failedPCellId using the NR RRC format in UEInformationResponse message.
Agreements:

16
The UE shall include the failedPCellId using the NR RRC format and include the RLF report as an LTE RRC encoded OCTET STRING to the NR node. Details can be addressed in running CR;

For the too early or wrong cell handover from a gNB to an ng-eNB e.g. the scenario shown in Figure 1, the ng-eNB1 sends HO Report message with LTE RLF report container included. 
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Figure 1 too early HO from gNB to ng-eNB
The gNB1 may not understand the LTE RLF report container. But the gNB1 needs to know to which cell it triggered a too early or wrong cell handover. For solving this issue, the presence of Target cell CGI IE in Handover Report message should be defined as Mandatory.
Proposal 4: Define the presence of Target cell CGI IE in Handover Report message as Mandatory.

2.3 The CGI of the attempted reconnected cell in Handover Report message 

In the scenario descript in section 2.2, gNB1 receiving Handover Report message needs to know the cell where the UE attempts to re-connect after the failure in order to confirm the root cause and do proper optimisation. In case of no RRC Reestablishment after the failure, we assume the gNB1 will get the cell where the UE attempts to connect after failure from the UE RLF Report container. Similar reason as the above, the gNB1 may not understand the LTE RLF Report container. Therefore, the identity of the cell where the UE attempts to re-connect should be included in HO Report. ng-eNB1 can get this from UE RLF report and fill this IE in Handover Report message.
If there is Xn interface between ng-eNB1 and gNB1:

The IE Re-establishment cell CGI in Xn HANDOVER REPORT can be re-used.
If there is no Xn interface between ng-eNB1 and gNB1:

The IE Re-establishment cell CGI in HO Report in NGAP can be re-used.
Proposal 5: Reuse the IE Re-establishment cell CGI in HANDOVER REPORT defined in 38.423 BL CR, and the IE Re-establishment cell CGI in HO Report defined in TS 38.413 BL CR to transfer the CGI of the cell where the UE attempts to re-connect to after RLF.
2.4 TAI/TAC of the failed PCell in UEInformationResponse message. 

For inter-RAT MRO, a gNB receiving UE RLF Report forwards the LTE RLF Report to the last serving ng-eNB(or eNB). RAN2 agreed that the UE shall include the failedPCellId using the NR RRC format in UEInformationResponse message in order to let the gNB know the last serving node and forwards without decoding LTE UE RLF report. In case of no Xn interface between the ng-eNB and the gNB, the UE RLF Report should be sent to the last serving node via core network. Then TAI is necessary for routing the message through core network. In order not to mandate a gNB to decode LTE RRC, TAC of the failed PCell should also be included in UEInformationResponse message using NR RRC format. LS to RAN2 is needed.
Agreements:

16
The UE shall include the failedPCellId using the NR RRC format and include the RLF report as an LTE RRC encoded OCTET STRING to the NR node. Details can be addressed in running CR;

Proposal 6: Ask RAN2 to include TAC of failed PCell using the NR RRC format in UEInformationResponse message.
2.5 Re-connection attempt cell in the RLF report. 

RAN2 agreed not to include the Re-connection attempt cell in RLF report. The RAN node needs to know the selected E-UTRA cell in order to decide the root cause of the failure and proper adjustment. That’s why in LTE, RAN2 defined “selectedUTRA-CellID-r11” in UE RLF Report for inter-RAT MRO between LTE and 3G.
Then for inter-RAT MRO between NR and LTE cell e.g. too late handover from NR to LTE, can gNB get the selected LTE cell from the Measurement result in NR RLF Report?  If yes, then no problem to support inter-RAT MRO and inter-system MRO. 
If no, then there are two way forward:

a)
Remove inter-system/inter-RAT MRO from RAN3 spec

b)
UE includes the Re-connection attempt cell in RLF Report. 

Considering RAN3 has spent a lot of effort and captured the feature in stage 2 and stage 3, it is better to have this ready in Rel-16. 
Proposal 7: Ask RAN2 to clarify whether a gNB get the selected LTE cell from the Measurement result in NR RLF Report, if not, to include Re-connection attempt cell in UE RLF Report.
Pls note that the presence of “Source cell CGI” is FFS in the ASN.1, this should be corrected anyway.
Proposal 8: Correct the present of “Source cell CGI” in the ASN.1.
2
Conclusion
This contribution discussed the leftover issues of Intra-System and Inter-System Connection Failure for MRO. We have the following proposals:
Proposal 1: UE RLF Report Container IE in RLF INDICATION message could be defined as follow. 
	    >>UE RLF Report Container
	O
	
	9.2.2.z
	RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	YES
	ignore


Proposal 2: The LTE UE RLF Report Container in 9.2.2.z is referred to RLF-Report-r9 IE contained in the UEInformationResponse message defined in TS 36.331.
	>>LTE UE RLF Report Container
	M
	
	OCTET STRING
	RLF-Report-r9 IE contained in the UEInformationResponse message defined inTS 36.331 [14].


Proposal 3: Capture in stage 2 about the intra-system inter-RAT MRO reporting.

Proposal 4: Define the presence of Target cell CGI IE in Handover Report message as Mandatory.

Proposal 5: Reuse the IE Re-establishment cell CGI in HANDOVER REPORT defined in 38.423 BL CR, and the IE Re-establishment cell CGI in HO Report defined in TS 38.413 BL CR to transfer the CGI of the cell where the UE attempts to re-connect to after RLF.
Proposal 6: Ask RAN2 to include TAC of failed PCell using the NR RRC format in UEInformationResponse message.
Proposal 7: Ask RAN2 to clarify whether a gNB get the selected LTE cell from the Measurement result in NR RLF Report, if not, to include Re-connection attempt cell in UE RLF Report.
Proposal 8: Correct the present of “Source cell CGI” in the ASN.1.
The TP for XnAP is in annex. The TP for stage 2 is provided in R3-202071 and the draft LS to RAN2 is in R3-202072.
3
TP to TS 38.423
============ Start of 1st change ==============
9.1.3.x
FAILURE INDICATION
This message is sent by the NG-RAN node 2 to indicate an RRC re-establishment attempt or a reception of an RLF Report from a UE that suffered a connection failure at NG-RAN node 1.

Direction: NG-RAN node2 ( NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	CHOICE Initiating condition
	M
	
	
	
	
	

	> RRC Reestab
	
	
	
	
	
	

	    >>Failure cell PCI
	C- ifUERLFReportContainerAbsent
	
	9.2.2.10
	Physical Cell Identifier
	YES
	ignore

	    >>Re-establishment cell CGI
	C- ifUERLFReportContainerAbsent
	
	NG-RAN CGI

9.2.2.x 
	
	YES
	ignore

	    >>C-RNTI
	C- ifUERLFReportContainerAbsent
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRCRe-establishment Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	YES
	ignore

	    >>ShortMAC-I
	C- ifUERLFReportContainerAbsent
	
	BIT STRING (SIZE (16))
	ShortMAC-I contained in the RRCRe-establishment Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	YES
	ignore

	    >>UE RLF Report Container
	O
	
	9.2.2.z
	RLF -Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	YES
	ignore

	> RRC Setup 
	
	
	
	
	
	

	    >>UE RLF Report Container
	O
	
	9.2.2.z
	RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	YES
	ignore


	Condition
	Explanation

	ifUERLFReportContainerAbsent
	This IE shall be present if the UE RLF Report Container IE is absent 


9.1.3.y
HANDOVER REPORT
This message is sent by the NG-RAN node1 to report a handover failure event, or other critical mobility problem.

Direction: NG-RAN node 1 ( NG-RAN node 2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Handover Report Type
	M
	
	ENUMERATED (HO too early, HO to wrong cell, Inter-system ping-pong…)
	
	YES
	ignore

	Handover Cause
	M
	
	Cause

9.2.3.2
	Indicates handover cause employed for handover from NG-RAN node 2
	YES
	ignore

	Source cell CGI
	M
	
	NG-RAN CGI

9.2.2.x 

	NG-RAN CGI of source cell for handover procedure (in NG-RAN node 2)
	YES
	ignore

	Target cell CGI
	M
	
	NG-RAN CGI 9.2.2.x
	NG-RAN CGI of target cell for handover procedure (in NG-RAN node 1) .

If the Handover Report Type is set to “Inter-system ping-pong”, it contains the target cell of the inter system handover from the other system to NG-RAN node 1 cell
	YES
	ignore

	Re-establishment cell CGI
	C-

ifHandoverReportType HoToWrongCell
	
	NG-RAN CGI 9.2.2.x
	NG-RAN CGI of cell where UE attempted re-establishment or NG-RAN CGI of cell where UE attempted re-connection
	YES
	ignore

	Target cell in E-UTRAN
	C-

ifHandoverReportType Intersystempingpong
	
	OCTET STRING
	Encoded according to Global Cell ID in the Last Visited E-UTRAN Cell Information IE, as defined in in TS 36.413 [31]
	YES
	ignore

	Source cell C-RNTI
	O
	
	BIT STRING (SIZE (16))
	C-RNTI allocated at the source NG-RAN node (in NG-RAN node 2)
	YES
	ignore

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information provided in the HANDOVER REQUEST message from NG-RAN node 2.
	YES
	ignore

	UE RLF Report Container
	O
	
	9.2.2.z
	The UE RLF Report Container IE received in the FAILURE INDICATION message.
	YES
	ignore


	Condition
	Explanation

	ifHandoverReportType HoToWrongCell
	This IE shall be present if the Handover Report Type IE is set to the value "HO to wrong cell"

	ifUERLFReportContainerAbsent
	This IE shall be present if the UE RLF Report Container IE is absent 

	ifHandoverReportType Intersystempingpong
	This IE shall be present if the Handover Report Type IE is set to the value "Inter-system ping-pong"


============ End of 1st change ==============
============ Start of 2nd change ==============
9.2.2.z
UE RLF Report 
This IE contains the RLF Report to be transferred.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE type
	M
	
	
	

	>NR
	
	
	
	

	>>NR UE RLF Report Container
	M
	
	OCTET STRING
	RLF-Report-r16 IE contained in the UEInformationResponse message defined in TS 38.331 [10].

	>LTE
	
	
	
	

	>>LTE UE RLF Report Container
	M
	
	OCTET STRING
	RLF-Report-r9 IE contained in the UEInformationResponse message defined inTS 36.331 [14].


============ End of 2nd change ==============
============ Start of 3rd change ==============
9.3.4
PDU Definitions

-- ASN1START

-- **************************************************************

--

-- PDU definitions for XnAP.

--

-- **************************************************************

*************skip unchanged part **************
-- **************************************************************

--

-- HANDOVER REPORT
--

-- **************************************************************

HandoverReport ::= SEQUENCE {


protocolIEs


ProtocolIE-Container
{{ HandoverReport-IEs}},


...

}

HandoverReport-IEs XNAP-PROTOCOL-IES ::= {


{ ID id-HandoverReportType




CRITICALITY ignore

TYPE HandoverReportType
PRESENCE mandatory}|


{ ID id-HandoverCause




CRITICALITY ignore

TYPE Cause



PRESENCE mandatory}|


{ ID id-SourceCellCGI



CRITICALITY ignore

TYPE NG-RAN-CGI


PRESENCE mandatory }| 


{ ID id-TargetCellCGI            
CRITICALITY ignore

TYPE NG-RAN-CGI


PRESENCE mandatory }|

{ ID id-ReEstablishmentCellCGI   
CRITICALITY ignore

TYPE NG-RAN-CGI


PRESENCE conditional }|-- This IE shall be present if the Handover Report Type IE is set to the value "HO to wrong cell"

{ ID id-TargetCellinEUTRAN   

CRITICALITY ignore

TYPE TargetCellinEUTRAN
PRESENCE conditional }|-- This IE shall be present if the Handover Report Type IE is set to the value "Inter-system ping-pong"

{ ID id-SourceCellCRNTI   


CRITICALITY ignore

TYPE C-RNTI           
PRESENCE optional }|


{ ID id-MobilityInformation   

CRITICALITY ignore

TYPE MobilityInformation
PRESENCE optional }|


{ ID id-UERLFReportContainer   

CRITICALITY ignore

TYPE UERLFReportContainer
PRESENCE optional }|


{ ID id-RANPagingFailure



CRITICALITY ignore

TYPE RANPagingFailure

PRESENCE optional },


...

}

============ End of 3rd change ==============
============ Start of 4th change ==============
9.3.5
Information Element definitions

-- ASN1START

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

************skip unchanged part*************
UERLFReportContainer ::= CHOICE {


nR-UERLFReportContainer


UERLFReportContainerNR,


lTE-UERLFReportContainer

UERLFReportContainerLTE,


choice-Extension

ProtocolIE-Single-Container { {UERLFReportContainer-ExtIEs} }

}

UERLFReportContainer-ExtIEs XNAP-PROTOCOL-IES ::= {


...

}

UERLFReportContainerLTE ::= OCTET STRING

-- This IE is a transparent container and shall be encoded as the RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
UERLFReportContainerNR ::= OCTET STRING

-- This IE is a transparent container and shall be encoded as the RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10])
============ End of change ==============
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