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1	Introduction
In RAN3#117-e meeting [1], some agreements for MRO for NR-U were achieved:
· Add to RLF report indications concerning Measured RSSI and HOF due to consistent LBT failure.
· Send an LS to RAN2 requesting:
to support latest Measured RSSI and Indication of HOF due to consistent LBT failure in RLF report
to evaluate addition in RLF report of: Energy Detection Threshold, LBT configuration parameter lbt-FailureRecoveryConfig, Channel Occupancy in UL, Time duration for LBT during SpCell change
to support “Indication of consistent LBT failure” in RA report
· Keep existing failure type definition and detection to indicate RLF or HOF or PSCell change failure due to consistent LBT failure.
In RAN3#118 meeting [2], RAN3 replied RAN2’s LS in [3] on possibility on LBT-FailureRecoveryConfig.
RAN3#119 bis-e meeting further agreed [4]:
· Enhancements of RLF reports and RA reports are beneficial to separate mobility related errors from the LBT-related ones.
· RLF Report and RA report can be enhanced to include information concerning the LBT failures in RA procedures, the granularity and implementation details needs to be further discussed based on progress in RAN2.
In this paper, we would further discuss the details of MRO for NR-U.
2	Discussion
In NR-U, before operating in the unlicensed spectrum, both the UE and the gNB would perform LBT to guarantee that the radio resource is not occupied by others e.g. Wifi, data/signalling transmission can be allowed if the wireless channnel is available. For UL, consistent LBT failure is detected per UL BWP by counting LBT failure indications from the lower layers to the MAC entity. If consistent LBT failure has been triggered in all UL BWPs configured with PRACH occasions on same carrier in the serving cell, the MAC entity indicates consistent LBT failure to upper layers and then RLF occurs. 
[bookmark: _Hlk109915763]Considering mobility in NR-U, one possible case is that after the UE receives the HO command , the UE performs uplink LBT but the shared spectrum of the target PCell is occupied, so consistent uplink LBT failure may happen before or during RACH procedure with the target PCell. In such case, HO failure may happen when T304 expires. To enable network understand that HO failure is caused by LBT failure, last RAN3 meeting agreed to enhance RLF report i.e. adding an indication concerning HOF due to consistent LBT failure in the RLF report. Similar as RLF report, for a SCG failure caused by consistent LBT failure, it is beneficial to add an indication concerning SCG failure due to consistent LBT failure in the SCG Failure Information message.
RAN3#117e meeting agreed to reuse the existing failure type definition and detection to indicate RLF/HOF or PSCell change failure due to consistent LBT failure. Similar as legacy MRO, the RLF report due to consistent LBT failure may be transferred between network nodes for root cause analysis, e.g. from the receiving node to the node last serving the UE, which means that the Failure Indication procedure over Xn, or Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG may be reused.
Observation: RLF report due to consistent LBT failure should be transferred at the network side for root cause analysis.
Another possibility is that before or during RACH procedure to the target PCell, uplink LBT in the UE side is successful, but downlink LBT fails in the network side, for example, the target PCell fails to send response e.g. RAR/MSG4/MSG B during the RACH procedure in the case that unlicensed channel resources in target PCell are unavailble. When T304 expires, from UE point of view, it does not know LBT fails in the target PCell, and it may trigger RLF report as legacy for the failed handover, i.e. no indication concerning HOF due to consistent LBT failure is included in the RLF report. 
The receiving node which receives the RLF report from the UE may transfer the RLF report to the source node for MRO analysis. Since there is no indication concerning HOF due to consistent LBT failure in the RLF report, the receiving node may execute failure cause analysis and modification as legacy e.g. update trigger threshold for the handover procedure. However, the fact may be that the main failure cause is inappropriate LBT related configuration rather than handover configuration, in such a case, modifying handover configuration at network side is not essential and needs to be avoided. 
It is FFS on whether to enable a UE-based solution or a NW-based solution to inform the source gNB of a handover about DL LBT issues occurring at the target gNB during a handover execution. As summarized in [5], there are two options on the table: 
· Option 1: (UE-based solution) the UE adds in RLF report an indication of DL LBT failure causing absence of SSB transmissions during handover.
· Option 2: (NW-based solution) the target gNB sends to source gNB an indication of DL LBT failure during handover execution.
For Option1, it should be decided in RAN2, since it is a UE based solution. On the other hand, we don’t think absent SSB transmissions during handover execution can exactly mean the existence of DL LBT issues at network side, for example, there is a possibility that the UE can’t detect the DL SSB due to beam quality is quite poor.
In Option 2, the target node can indicate the source node that DL LBT failure occurred in the target cell, e.g. when the target node fails to respond the UE during the RACH procedure due to unlicensed channel resources in target cell are unavailble. Currently, HANDOVER REPORT message is transferred from target node to source node for MRO for a RLF case rather than a HOF case, i.e. HANDOVER REPORT message can’t be reused to indicate the source node that HOF happens due to DL LBT failure in the target cell. Therefore, it seems better to introduce a new Xn message from target node to source node to indicate DL LBT failure. In such a way, the source node may make proper failure analysis after receiving the DL LBT failure indication from the target node and the RLF report from the receiving node. On the other hand, target node may optimize LBT configuration when DL LBT failure occurred, or when the source node informs the target node to do optimization for LBT configuration if the source node decides there is a LBT issue in the target node. In Option 2, even the source gNB has to collect RLF report from UE and indication of DL LBT failure from target node at different time for MRO analysis, it is NW implementation to do the correlation, there is no any specific issue. For Option 2, there is no need to involve other WGs, and the spec impact to XnAP is small.
Compared Option 1 and Option2, Option 2 is simpler and more straightforward. Therefore, Option 2 as a NW-based solution is preferred. 
Proposal 1: In case that HOF happens due to DL LBT failure at target node, the target node can send an indication concerning DL LBT failure to the source node for MRO analysis e.g. via a new introduced Xn message.
For the case that handover failure occurred due to LBT failure, to enable network better know the uplink channel situation and detailed information of LBT process, it is beneficial to include number of LBT failures for the last RA procedure in the RLF report, since RAN2#121 meeting agreed that “Log the last successful RA procedure related information in the RA report”, and the agreements can also be applied to RLF report.
For the last BWP of the last RA procedure, the entire RA-InformationCommon should be included, wherein for each preamble transmission attempt included in the perRAAtttemptInfoList, the number of preamble transmissions blocked due to LBT failure can be included in the RLF report.
Proposal 2: The number of preamble transmissions blocked due to LBT failure per RACH attempt for the last BWP of the last RA procedure should be included in the RLF report.
For the other BWPs (i.e. except the last BWP) in which consistent LBT failure happens in the last RA procedure, besides basic BWP information which is used to identify the BWP (e.g. locationAndBandwidth, subcarrierSpacing, and absoluteFrequencyPointA), the number of LBT failures per BWP can be included in the RLF report.
Proposal 3: The number of LBT failures per other BWPs (i.e. except the last BWP) in which consistent LBT failure happens of the last RA procedure should be included in the RLF report.

On the other hand, after the UE receives the HO command, it is possible that LBT with target PCell is successful before or during RACH procedure towards target PCell, but handover fails when T304 expires. Time information during handover procedure, e.g. time duration for UL LBT before per RACH attempt for the last BWP of the last RA procedure and the time elapsed since the last HO execution until successful LBT, is useful to decide how RLF report is used for MRO analysis, for example, if too long time which is close to timer period of T304 is spent for UL LBT, it may mean that the failure is mainly caused by channel occupancy rather than coverage issue even though LBT during handover procedure is successful, network may not perform a coverage optimization after receiving the failure information. Therefore, it is beneficial to include time information during handover procedure in the RLF report, e.g. time duration for UL LBT before per RACH attempt and the time elapsed since the last HO execution until successful LBT.
Proposal 4: Time information during handover procedure, e.g. time duration for UL LBT before per RACH attempt and the time elapsed since the last HO execution until successful LBT, should be included in the RLF report.
Similar as enhancements for RLF report, to enable network better know whether RACH configuration is configured properly, it is beneficial to include number of LBT failures (i.e. the number of preamble transmissions blocked due to LBT failure per RACH attempt for the last BWP of the last RA procedure, and the number of LBT failures per other BWPs (i.e. except the last BWP) in which consistent LBT failure happens of the last RA procedure), and time information for UL LBT before per RACH attempt in the RA report.
[bookmark: _Hlk134463171]Proposal 5: The number of preamble transmissions blocked due to LBT failure per RACH attempt for the last BWP of the last RA procedure should be included in the RA report.
Proposal 6: The number of LBT failures per other BWPs (i.e. except the last BWP) in which consistent LBT failure happens of the last RA procedure should be included in the RA report.
Proposal 7: Time duration for UL LBT before per RACH attempt should be included in the RA report.
3	Conclusion
In this contribution, MRO for NR-U is discussed. We have the following proposals:
Observation: RLF report due to consistent LBT failure should be transferred at the network side for root cause analysis.
Proposal 1: In case that HOF happens due to DL LBT failure at target node, the target node can send an indication concerning DL LBT failure to the source node for MRO analysis e.g. via a new introduced Xn message.
Proposal 2: The number of preamble transmissions blocked due to LBT failure per RACH attempt for the last BWP of the last RA procedure should be included in the RLF report.
Proposal 3: The number of LBT failures per other BWPs (i.e. except the last BWP) in which consistent LBT failure happens of the last RA procedure should be included in the RLF report.
Proposal 4: Time information during handover procedure, e.g. time duration for UL LBT before per RACH attempt and the time elapsed since the last HO execution until successful LBT, should be included in the RLF report.
Proposal 5: The number of preamble transmissions blocked due to LBT failure per RACH attempt for the last BWP of the last RA procedure should be included in the RA report.
Proposal 6: The number of LBT failures per other BWPs (i.e. except the last BWP) in which consistent LBT failure happens of the last RA procedure should be included in the RA report.
Proposal 7: Time duration for UL LBT before per RACH attempt should be included in the RA report.
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<<<<<<<<<<<<<<<<<<<< Unmodified Text Omitted >>>>>>>>>>>>>>>>>>>>
Table 8.1-2: Class 2 Elementary Procedures
	Elementary Procedure
	Initiating Message

	Handover Cancel
	HANDOVER CANCEL

	SN Status Transfer
	SN STATUS TRANSFER

	RAN Paging
	RAN PAGING

	Xn-U Address Indication
	XN-U ADDRESS INDICATION

	S-NG-RAN node Reconfiguration Completion
	S-NODE RECONFIGURATION COMPLETE

	S-NG-RAN node Counter Check
	S-NODE COUNTER CHECK REQUEST

	UE Context Release
	UE CONTEXT RELEASE

	RRC Transfer
	RRC TRANSFER

	Error Indication
	ERROR INDICATION

	Notification Control Indication
	NOTIFICATION CONTROL INDICATION

	Activity Notification
	ACTIVITY NOTIFICATION

	Secondary RAT Data Usage Report
	SECONDARY RAT DATA USAGE REPORT

	Trace Start
	TRACE START

	Deactivate Trace
	DEACTIVATE TRACE

	Handover Success
	HANDOVER SUCCESS

	Conditional Handover Cancel
	CONDITIONAL HANDOVER CANCEL

	Early Status Transfer
	EARLY STATUS TRANSFER

	Failure Indication
	FAILURE INDICATION

	Handover Report
	HANDOVER REPORT

	Resource Status Reporting
	RESOURCE STATUS UPDATE

	Access And Mobility Indication
	ACCESS AND MOBILITY INDICATION

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	RAN Multicast Group Paging
	RAN MULTICAST GROUP PAGING

	SCG Failure Information Report
	SCG FAILURE INFORMATION REPORT

	SCG Failure Transfer
	SCG FAILURE TRANSFER

	F1-C Traffic Transfer
	F1-C TRAFFIC TRANSFER

	Retrieve UE Context Confirm
	RETRIEVE UE CONTEXT CONFIRM

	Conditional PSCell Change Cancel
	CONDITIONAL PSCELL CHANGE CANCEL

	RACH Indication
	RACH INDICATION

	LBT Failure
	LBT FAILURE



<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
8.4.x	LBT Failure
8.4.x.1	General
The purpose of the LBT failure procedure is to inform that DL LBT failure happens in NG-RAN node2.
8.4.x.2	Successful Operation



Figure 8.4.x.2: LBT Failure procedure
NG-RAN node2 initiates the procedure by sending the LBT FAILURE message to NG-RAN node1, when NG-RAN node2 detects that one or more DL LBT failures occurred in NG-RAN node2.
Editor’s note: The procedure text can be updated further based on the agreements.
[bookmark: _Toc98868105][bookmark: _Toc105174389][bookmark: _Toc106109226][bookmark: _Toc113825047][bookmark: _Toc138863178]8.4.x.3	Unsuccessful Operation
Not applicable.
[bookmark: _Toc98868106][bookmark: _Toc105174390][bookmark: _Toc106109227][bookmark: _Toc113825048][bookmark: _Toc138863179]8.4.x.4	Abnormal Conditions
Void.

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc98868246][bookmark: _Toc105174530][bookmark: _Toc106109367][bookmark: _Toc113825188][bookmark: _Toc138863319]9.1.3.x	LBT FAILURE
[bookmark: _Hlk142315783]This message is sent by the NG-RAN node2 to the NG-RAN node1 to indicate that one or more DL LBT failures occurred in NG-RAN node2.
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

	NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the NG-RAN node1.
	YES
	ignore



<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
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[bookmark: _Hlk142320587]<<<<<<<<<<<<<<<<<<<< Unmodified Text Omitted >>>>>>>>>>>>>>>>>>>>


-- **************************************************************
--
-- LBT FAILURE
--
-- **************************************************************

LbtFailure ::= SEQUENCE {
	protocolIEs			ProtocolIE-Container	{{ LbtFailure-IEs}},
	...
}
LbtFailure-IEs XNAP-PROTOCOL-IES ::= {
	{ ID id-NG-RANnodeUEXnAPID					CRITICALITY ignore		TYPE NG-RANnodeUEXnAPID							PRESENCE mandatory },
	...
}

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
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-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

XnAP-Constants {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)
ngran-Access (22) modules (3) xnap (2) version1 (1) xnap-Constants (4) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS
	ProcedureCode,
	ProtocolIE-ID
FROM XnAP-CommonDataTypes;

-- **************************************************************
--
-- Elementary Procedures
--
-- **************************************************************

id-handoverPreparation											ProcedureCode ::= 0
id-sNStatusTransfer												ProcedureCode ::= 1
id-handoverCancel												ProcedureCode ::= 2
id-retrieveUEContext											ProcedureCode ::= 3
id-rANPaging													ProcedureCode ::= 4
id-xnUAddressIndication											ProcedureCode ::= 5
id-uEContextRelease												ProcedureCode ::= 6
id-sNGRANnodeAdditionPreparation								ProcedureCode ::= 7
id-sNGRANnodeReconfigurationCompletion							ProcedureCode ::= 8
id-mNGRANnodeinitiatedSNGRANnodeModificationPreparation			ProcedureCode ::= 9
id-sNGRANnodeinitiatedSNGRANnodeModificationPreparation			ProcedureCode ::= 10
id-mNGRANnodeinitiatedSNGRANnodeRelease							ProcedureCode ::= 11
id-sNGRANnodeinitiatedSNGRANnodeRelease							ProcedureCode ::= 12
id-sNGRANnodeCounterCheck										ProcedureCode ::= 13
id-sNGRANnodeChange												ProcedureCode ::= 14
id-rRCTransfer													ProcedureCode ::= 15
id-xnRemoval													ProcedureCode ::= 16
id-xnSetup														ProcedureCode ::= 17
id-nGRANnodeConfigurationUpdate									ProcedureCode ::= 18
id-cellActivation												ProcedureCode ::= 19
id-reset														ProcedureCode ::= 20
id-errorIndication												ProcedureCode ::= 21
id-privateMessage												ProcedureCode ::= 22
id-notificationControl											ProcedureCode ::= 23
id-activityNotification											ProcedureCode ::= 24
id-e-UTRA-NR-CellResourceCoordination							ProcedureCode ::= 25
id-secondaryRATDataUsageReport									ProcedureCode ::= 26
id-deactivateTrace												ProcedureCode ::= 27
id-traceStart													ProcedureCode ::= 28
id-handoverSuccess												ProcedureCode ::= 29
id-conditionalHandoverCancel									ProcedureCode ::= 30
id-earlyStatusTransfer											ProcedureCode ::= 31
id-failureIndication												ProcedureCode ::= 32
id-handoverReport												ProcedureCode ::= 33
id-resourceStatusReportingInitiation							ProcedureCode ::= 34
id-resourceStatusReporting										ProcedureCode ::= 35
id-mobilitySettingsChange										ProcedureCode ::= 36
id-accessAndMobilityIndication									ProcedureCode ::= 37
id-cellTrafficTrace 											ProcedureCode ::= 38
id-RANMulticastGroupPaging										ProcedureCode ::= 39
id-scgFailureInformationReport									ProcedureCode ::= 40
id-ProcedureCode41-NotToBeUsed									ProcedureCode ::= 41
id-scgFailureTransfer											ProcedureCode ::= 42
id-f1CTrafficTransfer											ProcedureCode ::= 43
id-iABTransportMigrationManagement								ProcedureCode ::= 44
id-iABTransportMigrationModification							ProcedureCode ::= 45
id-iABResourceCoordination										ProcedureCode ::= 46
id-retrieveUEContextConfirm										ProcedureCode ::= 47
id-cPCCancel													ProcedureCode ::= 48
id-partialUEContextTransfer										ProcedureCode ::= 49
id-rachIndicaion												ProcedureCode ::= xx
id-lbtFailure										ProcedureCode ::= yy
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