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1. Introduction

After last RAN2#106 meeting, the following agreements were reached for RLF & CEF report. 

Agreements:

1
For NR RLF report is extended with a flag, where at least “no suitable cell is found” is indicated. There is no additional UE measurement requirement for this. When to set the flag can be discussed in WI phase.
2
For NR CEF Report is extended with “Number of connection failures per cell” field. The UE counts the number of CEFs that it has experienced within the last 48 hours. 

Agreements:

1
RACH failure information, if available, shall be included in both RLF report and CEF report.

2
Attempted SSB index can be indicated as part of RACH failure information.

Agreements:       

1
Include SSB related information consisting of SSB index and number of preambles sent for each tried SSB in the RACH information report.                 

2
the mechanism of LTE RLF reporting could be taken as a baseline for 5G NR.

3
the LTE RLF information could be taken as a baseline for 5G NR RLF information.

4
SS Block index, CSI-RS index for both of serving and neighbouring cells could be included in the NR RLF report. 

5
the mechanism of LTE RRC connection failure reporting could be taken as a baseline for 5G NR.

6
the RRC connection failure reporting information could be taken as a baseline for 5G NR RRC connection failure reporting.

7
the mechanism of RRC resume failure reporting could take the that of RRC connection failure reporting as a baseline.

8
what will be included in the 5G NR RRC connection failure reporting could be taken as a baseline for the content of the report for the 5G NR RRC resume failure. 

9
CSI-RS index and the corresponding number of preambles sent for each tried beam carrying CSI-RS index could be included in the NR RLF report also, if it is RACH procedure failure leading to the RLF. 

10
Both of SSB index of the downlink beams of both serving cell and neighbour cells and SUL/NUL carrier information could be included in the 5G NR RRC connection failure reporting.

Agreement

1
The uncompensated barometric pressure measurement if available can included in the MDT report.

Agreements:

1
In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE speed.

2
In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system.

Agreement

1
In Rel-16, UE shall include the GNSS location information for Logged MDT, DL signal quantities measurement of Immediate MDT, RLF report, accessibility measurement and out-of-coverage logging, if the GNSS location information is available when the measurement was taken for the UEs with the GNSS receiver.

In this contribution, we will further discuss the detail content of RLF/CEF report. 

2. Discussion

According to the agreements, the mechanism of LTE RLF/CEF reporting could be taken as a baseline for 5G NR RLF/CEF reporting and also for 5G NR RRC resume failure reporting, the LTE RLF/CEF report information could be taken as a baseline for 5G NR RLF/CEF report information and also for 5G NR RRC resume failure report information.

In LTE, the RLF/CEF reporting mechanism is that the UE records the radio link failure (RLF) / connection establishment failure (CEF) information without prior configuration by the network, and upon entering connected state, it indicates the availability (rlf-InfoAvailable / connEstFailInfoAvailable) to the network by the RRCConnectionReconfigurationComplete, RRCConnectionReestablishmentComplete, RRCConnectionResumeComplete, or RRCConnectionSetupComplete message, then the network fetches the rlf-Report / ConnEstFailReport by the UEInformationRequest / UEInformationResponse message. 
The RLF report information in LTE [1] includes:

· measResultLastServCell (rsrp, rsrq)

· measResultNeighCells ((1..maxFreq) OF (1..maxCellReport) OF (rsrp, rsrq, sinr)) (e.g. for EUTRA)

· locationInfo (ellipsoid, polygon, direction, horizontalVelocity, verticalVelocity)
· failedPCellId (PCell in which RLF is detected or target PCell of the failed handover)

· reestablishmentCellId (cell in which the re-establishment attempt was made after connection failure)

· timeConnFailure (time elapsed since the last HO initialization until connection failure)

· connectionFailureType (rlf, hof)

· previousPCellId (source PCell of the last handover)

· c-RNTI (C-RNTI used in the PCell upon detecting RLF or C-RNTI used in the source PCell upon HOF)

· rlf-Cause (t310-Expiry, randomAccessProblem, rlc-MaxNumRetx, t312-Expiry)

· timeSinceFailure (time elapsed since the connection failure)

The CEF report information in LTE [1] includes:

· failedCellId (cell in which connection establishment failed)

· locationInfo (ellipsoid, polygon, direction, horizontalVelocity, verticalVelocity)

· measResultFailedCell (rsrp, rsrq)

· measResultNeighCells ((1..maxFreq) OF (1..maxCellReport) OF (rsrp, rsrq, sinr)) (e.g. for EUTRA)

· numberOfPreamblesSent (number of RACH preambles that were transmitted)

· contentionDetected (contention was detected for at least one of the transmitted preambles)

· maxTxPowerReached (whether or not the maximum power level was used for the last transmitted preamble)

· timeSinceFailure (time elapsed since the connection establishment failure)

Observation 1: Similar to RLF/CEF report information in LTE listed above should be included in 5G NR RLF/CEF report information.
In addition, UE in connected state performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB which associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS.

In case RLF happens upon T310 expiry, from network perspective, if the up to date RLM beam resource configuration and latest active BWP information can be included in the RLF report, it can facilitate network to optimise the RLM configuration as well as BWP configuration. The RLM related beam resource configuration may include: SSB index, SSB frequency, SSB subcarrier spacing, CSI-RS index, CSI-RS time/frequency domain resource. The latest active BWP information may include: BWP ID, BWP frequency domain location.   

Proposal 1: The RLM related beam resource configuration in failured cell (e.g. SSB index, SSB frequency, SSB-SCS, CSI-RS index, CSI-RS time/frequency domain resource) can be included in the RLF report.

Proposal 2: The latest active BWP information in failured cell (e.g. BWP ID, BWP frequency domain location) can be included in the RLF report.

In 5G NR, the RLF report information should also include the followings besides the abovementioned RLF report information in LTE:

· locationInfo enhancements (e.g. GNSS location information, UE speed, UE orientation, uncompensated barometric pressure measurement)

· RACH failure information (e.g. attempted SSB index, number of preambles sent for each tried SSB beam, attempted CSI-RS index, number of preambles sent for each tried CSI-RS beam, trigger of RACH (e.g. BFR or other))

· failed carrier information (e.g. SUL, normal UL, NR-U, NR licensed)

· measResultFailedBeam (e.g. SSB index, CSI-RS index, (rsrp, rsrq, sinr) of failed beam)

· measResultNeighBeams ((1..maxFreq) OF (1..maxCellReport) OF (1..maxBeamReport) OF (rsrp, rsrq, sinr)) 

· flag of “no suitable cell is found”
· RLM related beam resource configuration in failured cell (e.g. SSB index, SSB frequency, SSB-SCS, CSI-RS index, CSI-RS time/frequency domain resource)

· latest active BWP information in failured cell (e.g. BWP ID, BWP frequency domain location)

In LTE, as shown in the following figure, when there are multiple CEFs (CEF1, 2, 3) occurred in a coverage hole, the subsequent CEF will overwrite the previous CEF (CEF2 overwrites CEF1, CEF3 overwrites CEF2), finally, only the latest CEF (CEF3) is logged, and reported when the UE is successfully accessed to the network.

Observation 2: If only the latest CEF can be logged, then the CEF occurred in the center of coverage hole will be overwritten by the CEF occurred at the edge of the coverage hole.

In order to record the whole picture of coverage hole as much as possible, it is better to enable the UE to store multiple CEF instances until the stored CEF report (may include multiple CEF instances) have been delivered to the network. However, in order to reduce UE’s burden, only a list of cells in which the CEF occurred and the number of connection establishment failures for each failed cell could be included in the CEF report. For our understanding, the agreement of “Number of connection failures per cell” also means that the UE counts the number of CEFs for each failed cell within the last 48 hours.

Proposal 3: Confirms that in CEF report, the“Number of connection failures per cell” field includes a list of cell identities and connection failure number for each cell..

In 5G NR, the CEF report information should also include the followings besides the abovementioned CEF report information in LTE:

· locationInfo enhancements (e.g. GNSS location information, UE speed, UE orientation, uncompensated barometric pressure measurement)

· RACH failure information (e.g. attempted SSB index, number of preambles sent for each tried SSB beam, attempted CSI-RS index, number of preambles sent for each tried CSI-RS beam, trigger of RACH (e.g. BFR or other))

· failed carrier information (e.g. SUL, normal UL, NR-U, NR licensed)

· measResultFailedBeam (e.g. SSB index, CSI-RS index, (rsrp, rsrq, sinr) of failed beam)

· measResultNeighBeams ((1..maxFreq) OF (1..maxCellReport) OF (1..maxBeamReport) OF (rsrp, rsrq, sinr)) 

· CEF count information (e.g. failed cell ID, number of CEFs for each failed cell) 
3. Conclusion and proposals

RAN2 is kindly asked to discuss and adopt the following proposals:

Observation 1: Similar to RLF/CEF report information in LTE listed above should be included in 5G NR RLF/CEF report information.
Observation 2: If only the latest CEF can be logged, then the CEF occurred in the center of coverage hole will be overwritten by the CEF occurred at the edge of the coverage hole.

Proposal 1: The RLM related beam resource configuration in failured cell (e.g. SSB index, SSB frequency, SSB-SCS, CSI-RS index, CSI-RS time/frequency domain resource) can be included in the RLF report.

Proposal 2: The latest active BWP information in failured cell (e.g. BWP ID, BWP frequency domain location) can be included in the RLF report.

Proposal 3: Confirms that in CEF report, the“Number of connection failures per cell” field includes a list of cell identities and connection failure number for each cell.
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