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1 Introduction
In RAN 84 meeting, it was agreed on the new WID on SON/MDT support for NR [1]. The main objectives of the work item include:

· Support of SON features, including MRO (intra and inter-system), MLB (intra-system), and RACH optimization.  [RAN3, RAN2] 
· Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 

· Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3] 
As described in 37.816 [2], the following conclusion are agreed:

RAN3 has studied the mobility optimization function and has converged to the solution principles and description outlined above. RAN3 has concluded its study on mobility optimization and determined that the mobility optimization feature can be moved to normative phase. The details of the solution parts involving UE behaviour remain pending to RAN2 analysis.
In this contribution, we mainly analyze the content of RLF report, and the detailed design of signaling and information elements are also given.
2 Discussion
For intra-system mobility, the UE impact is describe in TR 37.816[2] as following: 
To support MRO for NR, UE RLF report should also be supported in NR. The following information should be included in UE RLF Report:

· The CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure).
· The  CGI of the cell towards which the UE wants to initiate re-establishment attempt.
· The  CGI of the cell that served the UE at the last handover initialisation.
· Time elapsed since the last handover initialisation until the RRC connection failure.
· An indication whether the RRC connection failure was due to RLF or handover failure.
· C-RNTI allocated for the UE in the last serving cell.

· RLF trigger of the last RLF that was detected.
· Time elapsed from the RRC connection failure till RLF Report signalling.
· Handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report.

· The radio measurements and measurements configurations. These can be listed as follow (subject to RAN2 checking):
· Information related to the Radio-link monitoring (RLM) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)
· Beam measurements on RLM related resources i.e., measurement on reference signals (RS) such as:
· SSB 
· CSI-RS
Measurements to be logged may be RSRP, RSRQ, SINR, Qout, Qin, etc.
· Information related to the beam failure detection (BFD) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)

· Beam measurements on BFD related resources i.e., measurement on reference signals (RS) such as:

· SSB

· CSI-RS

Measurements to be logged may be at least RSRP, RSRQ, SINR, Qout, Qin, etc.
Note that BFD and RLM resources may be different from each other.
· Information related to the beam failure recovery (BFR) on the serving cell where the RLF happened and on target cell (in case of handover failure) including:

· Measurements performed on the list of the candidate beam-resources configured for BFR reason.
· Measurement on signals that were “not” listed in the candidate beam-resources list while the UE detects such signals with a quality above a certain beam suitability threshold. 
· There measured signals can include: 

· SSB

· CSI-RS

Measurements to be logged may be at least RSRP, RSRQ, SINR.
· Information on RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) 

· Beam level measurement for cell quality derivation 
· Beam level measurement on at least one neighbour cell for cell quality derivation
· Beam level measurement on a cell the UE selects and performs reestablishment after RLF
· Measurement can be done on different RS types such as 
· SSB 

· CSI-RS

· TRS, DMRS or any combination of these signals
· RACH related information
· beam identity where RACH access was attempted during handover
· Number of RACH attempts for each RACH access attempt
· Logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading (e.g., digital compass, gyroscope as well as barometer etc.). 
· UE speed state (low, mid, high) detected by UE as part of speed-based scaling procedure.

In the following, we will give analysis for the above information.
For RLF report reporting, the UE information procedure is used by E-UTRAN to request the UE to report RLF information in LTE system. Similarly, in NG-RAN system, similar procedure should be introduced to request the UE to report RLF information. That’s mean, UEInformationRequest message from network to UE and UEInformationResponse message from UE to network should be introduced to report RLF information.
Proposal 1: It is proposed that UEInformationRequest message from network to UE and UEInformationResponse message from UE to network should be introduced to report RLF information.
In LTE system, if the UE has radio link failure information or handover failure information available in UE variable VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in UE variable VarRLF-Report, then rlf-InfoAvailable IE will set to true and be carried in RRCConnectionReestablishmentComplete, RRCConnectionSetupComplete, RRCConnectionReconfigurationComplete and RRCConnectionResumeComplete message sending to network. Network initiates the UE information procedure by sending the UEInformationRequest message carried rlf-ReportReq IE, then UE will set the rlf-Report in the UEInformationResponse message to the value of rlf-Report in UE variable VarRLF-Report.
As previous discuss, LTE should be taken as the baseline, hence, in NR system: 
· The UE variable VarRLF-Report IE should be defined including rlf-Report IE and plmn-IdentityList IE.
· rlf-ReportReq IE should be introduced in UEInformationRequest message.
· rlf-Report IE should be introduced in UEInformationResponse message.

· rlf-InfoAvailable IE should be introduced in RRCReestablishmentComplete, RRCReconfigurationComplete, RRCResumeComplete and RRCSetupComplete message.
Proposal 2: It is proposed that the UE variable VarRLF-Report should be defined including rlf-Report IE and plmn-IdentityList IE to indicate the radio link failure information or handover failure information.
Proposal 3: It is proposed that rlf-reportReq IE could be introduced which could be requested from network by sending UEInformationRequest message, rlf-Report IE could be introduced which could be reported from UE to network by sending UEInformationResponse message.
Proposal 4: It is proposed that rlf-InfoAvailable IE should be introduced in RRCReestablishmentComplete, RRCReconfigurationComplete, RRCResumeComplete and RRCSetupComplete message to indicate network the availability of radio link failure information or handover failure information.
The CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure) is used to indicate the cell in which RLF is detected or the target cell of the failed handover. The CGI of the cell towards which the UE wants to initiate re-establishment attempt is used to indicate the cell in which the re-establishment attempt was made after connection failure. The CGI of the cell that served the UE at the last handover initialisation is used to indicate the source cell of the last handover. 
In LTE system, the failedPCelld IE which include cellGlobalId IE and pci-arfcn IE in RLF-report IE is used to indicate the cell in which RLF is detected or the target cell of the failed handover. The reestablishmentCellId IE in RLF-report IE is used to indicate the cell in which the re-establishment attempt was made after connection failure. The previousPCellId IE in RLF-report IE is used to the source Cell of the last handover. Wherein cellGlobalId IE, reestablishmentCellId IE and previousPCellId IE refers to EUTRAN CGI, pci-arfcn IE refers to EUTRAN PCI and carrier frequency. 
In NG-RAN system, the failedPCelld IE, reestablishmentCellId IE and previousPCellId IE should be defined in RLF-report to indicate the related RLF information. Furthermore, the current specification has been defined CGI-InfoNR IE, carrierFreq IE and PhysCellId IE in TS 38.331 [3], these IEs can be directly reused in RLF-report. That is, using the ARFCN-ValueNR IE including CGI-InfoNR IE, carrierFreq IE and physCellId IE to indicate the cell in which RLF is detected or the target cell of the failed handover, using the reestablishmentCellId IE including CGI-InfoNR IE to indicate the cell in which the re-establishment attempt was made after connection failure, using the previousPCellId IE including CGI-InfoNR IE to indicate the source cell of the last handover.
Proposal 5: It is proposed to define the failedPCelld IE including CGI-InfoNR IE, ARFCN-ValueNR IE and PhysCellId IE in RLF report to indicate the cell in which RLF is detected or the target cell of the failed handover.

Proposal 6: It is proposed to define the reestablishmentCellId IE including CGI-InfoNR IE in RLF report to indicate the cell in which the re-establishment attempt was made after connection failure.
Proposal 7: It is proposed to define the previousPCellId IE including CGI-InfoNR IE in RLF report to indicate the source cell of the last handover.
The Time elapsed since the last handover initialisation until the RRC connection failure is used to indicate the time elapsed since the last HO initialization until connection failure. The Time elapsed from the RRC connection failure till RLF Report signalling is used to indicate the time that elapsed since the connection (establishment) failure.
In LTE system, the timeConnFailure IE in RLF-report is used to indicate the time elapsed since the last HO initialization until connection failure, and timeSinceFailure IE in RLF-report is used to indicate the time that elapsed since the connection (establishment) failure. Similarly, these two IEs can be reused in NR system.
Proposal 8: It is proposed to define the timeConnFailure IE and timeSinceFailure IE in RLF report to indicate the related RLF time elapsed.
For an indication whether the RRC connection failure was due to RLF or handover failure, in LTE system, the connectionFailureType IE in RLF-report is used to indicate whether the connection failure is due to radio link failure or handover failure. Similarily, this IE can be reused in NR system.

Proposal 9: It is proposed to define the connectionFailureType IE in RLF report to indicate whether the connection failure is due to radio link failure or handover failure.
The information of C-RNTI allocated for the UE in the last serving cell, in LTE system, C-RNTI IE in RLF-report is used to indicates the C-RNTI used in the cell upon detecting radio link failure or the C-RNTI used in the source cell upon handover failure. In currently NR specification, C-RNTI IE has been already defined, therefore, C-RNTI IE can be reused in RLF report in NR system.
Proposal 10: It is proposed to define the C-RNTI IE in RLF report to indicates the C-RNTI used in the cell upon detecting radio link failure or the C-RNTI used in the source cell upon handover failure.
The information of RLF trigger of the last RLF that was detected is to indicate the RLF casue value. In LTE system, the RLF cause value could be T310 expiry, random access problem, rlc maximum retransmission and T312 expiry. 

In NR system, detection of radio link failure is upon T310 expiry, random access problem and rlc maximum retransmission. Therefore, we proposed that introduce the RLF-cause IE in RLF report which can include T310 expiry, random access problem and rlc maximum retransmission cause indication.
Proposal 11: It is proposed to introduce RLF-cause value in RLF report which can include T310 expiry, random access problem and rlc maximum retransmission cause indication.
Furthermore, with the supporting of multi-beam operation, beam failure recovery is introduced as a new procedure. After beam failure is detected, the UE will trigger beam failure recovery by initiating a random access procedure on the PCell, and then UE will selects a suitable beam to perform beam failure recovery in a list of candidate beams (CSI-RS and/or SSB) which is configured by gNB. Specifically, radio link failure will be triggered if BFR is failed due to the RACH access problem such as BFR specific RACH resource or unreasonable candidate beams.

It is beneficial for the network to identify that the RLF is caused by beam failure recovery failure. Therefore, we proposed that add BFR as one RLF-casue value.
Proposal 12: It is proposed to add BFR as one RLF-Cause value.
For the information of handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report. In current NR specification, only inter RAT handover event (Event B1 and Event B2) are defined. That is, the handover events used by intra-system inter RAT and inter-system inter RAT are the same, and correspondingly, the mobility parameters e.g. cell specific offset are the same. Therefore, it is unnecessary to indicate handover type of intra-system or inter-system handover.
Proposal 13: It is unnecessary to introduce the handover type to differentiate inter-system handover and intra-system handover.
For the information of the radio measurements and measurements configurations. In LTE system, as described in TS 36.331 [2], the RLF Report from the UE includes the cell specific radio measurements as following:
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The main intention of radio measurements contained in the RLF Report may be used to identify coverage issues as the potential cause of the failure.
In NR system, with the supporting of multi-beam operation, beam failure detection and recovery is introduced as a new procedure in NR.  Consequently, radio link failure will not only be caused by incorrect HO parameter setting or coverage problem, but also be caused by suboptimal beam parameters. Therefore, beam specific measurements is necessary to be included in UE RLF report in order to identify beam related issues.
In current NR specification, measResultServingCell IE and measResultNeighCells IE including measResultListNR IE and measResultListEUTRA IE are defined and indicate cell specific measurement cellResults IE and beam specific measurement rsIndexResults IE. Therefore, these two IEs can be introduced in NR RLF report.
As a result, we propose to introduce measResultServingCell IE and measResultNeighCells IE in RLF report. 
Proposal 14: It is proposed to introduce measResultServingCell IE including measResultListNR IE and measResultNeighCells IE including measResultListNR IE and measResultListEUTRA IE in NR RLF report. 
For the information of logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading(e.g., digital compass, gyroscope as well as barometer etc.), since in current LTE RLF report, only location information is included, which is used to identify where the RLF occurs, so as to better identify the failed cell. The beneficial effects of speed and heading have not been seen. Therefore, we think LTE is baseline and propose to introduce loacation IE in NR RLF report.
Proposal 15: It is proposed to introduce loacation IE in NR RLF report.
The above information is summarized in the following table.

	UE RLF report proposed in NR
	 LTE RLF report
	NR RLF report

	The CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure)
	Available
	Reuse R15 NR definition 

	The  CGI of the cell towards which the UE wants to initiate re-establishment attempt
	Available
	Reuse R15 NR definition

	The  CGI of the cell that served the UE at the last handover initialisation
	Available
	Reuse R15 NR definition

	Time elapsed since the last handover initialisation until the RRC connection failure
	Available
	Reused

	An indication whether the RRC connection failure was due to RLF or handover failure
	Available
	Reused

	C-RNTI allocated for the UE in the last serving cell
	Available
	Reused

	RLF trigger of the last RLF that was detected
	Available
	Reused, add BFR as one RLF-casue value

	Time elapsed from the RRC connection failure till RLF Report signalling
	Available
	Reused

	Handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report
	Not available
	Not available

	The radio measurements and measurements configurations
	Available, but the definition is different.
	Radio measurement can reuse R15 NR definition

	Logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading (e.g., digital compass, gyroscope as well as barometer etc.). 
UE speed state (low, mid, high) detected by UE as part of speed-based scaling procedure.
	Location available, others not available
	Reused


3 Conclusion
In this paper, we have discussed the content of RLF report, and the detailed design of signaling and information element and have the following proposals:
Proposal 1: It is proposed that UEInformationRequest message from network to UE and UEInformationResponse message from UE to network should be introduced to report RLF information.
Proposal 2: It is proposed that the UE variable VarRLF-Report should be defined including rlf-Report IE and plmn-IdentityList IE to indicate the radio link failure information or handover failure information.
Proposal 3: It is proposed that rlf-reportReq IE could be introduced which could be requested from network by sending UEInformationRequest message, rlf-Report IE could be introduced which could be reported from UE to network by sending UEInformationResponse message.

Proposal 4: It is proposed that rlf-InfoAvailable IE should be introduced in RRCReestablishmentComplete, RRCReconfigurationComplete, RRCResumeComplete and RRCSetupComplete message to indicate network the availability of radio link failure information or handover failure information.
Proposal 5: It is proposed to define the failedPCelld IE including CGI-InfoNR IE, carrierFreq IE and physCellId IE in RLF report to indicate the cell in which RLF is detected or the target cell of the failed handover.

Proposal 6: It is proposed to define the reestablishmentCellId IE including CGI-InfoNR IE in RLF report to indicate the cell in which the re-establishment attempt was made after connection failure.
Proposal 7: It is proposed to define the previousPCellId IE including CGI-InfoNR IE in RLF report to indicate the source cell of the last handover.
Proposal 8: It is proposed to define the timeConnFailure IE and timeSinceFailure IE in RLF report to indicate the related RLF time elapsed.
Proposal 9: It is proposed to define the connectionFailureType IE in RLF report to indicate whether the connection failure is due to radio link failure or handover failure.
Proposal 10: It is proposed to define the C-RNTI IE in RLF report to indicates the C-RNTI used in the cell upon detecting radio link failure or the C-RNTI used in the source cell upon handover failure.
Proposal 11: It is proposed to introduce RLF-cause value in RLF report which can include T310 expiry, random access problem and rlc maximum retransmission cause indication.
Proposal 12: It is proposed to add BFR as one RLF-Cause value.
Proposal 13: It is unnecessary to introduce the handover type to differentiate inter-system handover and intra-system handover.
Proposal 14: It is proposed to introduce measResultServingCell IE including measResultListNR IE and measResultNeighCells IE including measResultListNR IE and measResultListEUTRA IE in NR RLF report. 
Proposal 15: It is proposed to introduce loacation IE in NR RLF report.
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