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Introduction
In RAN2#107bis meeting, some enhancements have been agreed for RLF and CEF report:
Agreements:
10	Add at least the following contents in TS37.320 NR RLFreport content required for MDT:
-	latest radio measurement results of the serving and neighbouring cells, including SS Block index, CSI-RS index in the serving and neighbouring cells measurement results, tagged with location information, if available
-	WLAN and Bluetooth measurement results, if were configured prior RLF and are available for reporting
-	“No suitable cell is found” information, if is available for reporting
-	RACH failure report
12	Add in TS37.320 NR CEFreport content required for MDT:
-	NR CEFreport includes failed cell id, its radio measurement results and neighbouring cells, including SSB index of the downlink beams of both serving cell and neighbour cells, tagged with location information, if available
-	RACH failure information: SSB index, number of sent preambles on each tried SSB and a flag on detected contention. Whether the flag is per cell, RACH attempt, or SSB is FFS.
-	latest WLAN and Bluetooth measurement results, if available
-	"Number of connection failures per cell" field on the number of failed connection setup attempts per cell after RLF.

Agreements:
1	Agree reporting of available measurement information of SSB/CSI-RS beams and SSB/CSI-RS beams of serving cell, as part of RLF report. Also include 1 bit indication per SSB/CSI-RS beams reporting whether it is configured to RLM purpose.
In this contribution, we discuss some details of RACH failure report, and consider the signalling procedures of the RACH failure cases. 
Discussion
0. Classification of RACH Failure Cases
RACH Failure Cases in RLF and CEF
In LTE, accessibility measurements can only be applied to RRC establishment case, and RLF report in LTE includes RLF case and HOF case. Since it is agreed in lasting meeting that RACH failure information, if available, shall be included in both RLF report and CEF report, to classify the RACH failure cases in NR, we have the classification for RACH failure in NR as below:
CEF report (from IDLE/INACTIVE mode):
· RRC establishment;
· RRC resume;
RLF report (from CONNECTED mode):
· RLF (upon random access problem);
· HOF;
This classification is almost the same as LTE’s, serial new content could be added for separate cases, and some of which has already been discussed in previous meetings.
In 38.300, the random access procedure is triggered by a number of events [1]:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	Handover;
-	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
-	SR failure;
-	Request by RRC upon synchronous reconfiguration;
-	Transition from RRC_INACTIVE;
-	To establish time alignment at SCell addition;
-	Request for Other SI (see subclause 7.3);
-	Beam failure recovery.
Almost all the events could be mapped to one of the entry in the classification below, if the RACH is not successful, except for the three events marked in gray.
Table1 Mapping of the RACH events and the failure type
	Failure Type
	Failure Case
	Events to trigger the random access

	CEF
	RRC establishment
	Initial access from RRC_IDLE;

	
	RRC resume
	Transition from RRC_INACTIVE;

	RLF
	RLF (upon random access problem)
	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
SR failure;
Beam failure recovery;

	
	HOF
	Handover;
Request by RRC upon synchronous reconfiguration (this is almost the same as handover);



Observation: The framework of RACH failure report in LTE could be reused in NR as baseline.
Based on this framework, RLF report and accessibility measurement report (CEF) have separate reporting formats and log available indicator. It is:
· UE report different available indicators to the network;
· Network could request UE to report one or more records based on the available indicators;
· UE only report the records after receiving the according request.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1: RLF and CEF have separate available indicators to the network and separate reporting formats.
In LTE, UE could send the different available bits in RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete and RRCConnectionReconfigurationComplete messages. In each message UE could send one or more indicators. NR should follow the LTE solution of indicating the records available.
Proposal 2: RLF and CEF available indicators should be included in the complete messages of RRC setup, RRC resume, RRC re-establishment or RRC re-configuration procedures, if UE stored the available records.
Other RACH Failure Cases
For the other three events which cannot be mapped to any failure cases, some analyses:
1) RRC Connection Re-establishment procedure;
	- This procedure is controlled by Timer T301, whether to include the recording of this event failure is discussed in section 2.4;
2) To establish time alignment at SCell addition;
	- UE will initiates RACH to the SCell, and if failure occurs when establish TA at SCell addition, MAC layer will consider the Random Access procedure unsuccessfully completed, and nothing indicated to RRC layer[2]. Therefore if RACH failure for this case needs to be recorded, the unsuccessful RA should be indicated from MAC to RRC.
3) Request for Other SI;
	- UE only initiates RACH for SI request in IDLE/INACTIVE mode in NR R15. If RACH failure occurs, the UE action is left to UE implementation in current specification. Since there is no RRC timer about receiving the acknowledgement and nothing is indicated to RRC layer if RA is failure, if this case needs to be recorded, the unsuccessful RA should also be indicated from MAC to RRC. And the recorded content could include: Msg1 based or msg3 based SI request, and others RACH related parameters such as number of preamble sent, the beam index the UE to request the SI .etc. [3]
Proposal 3: If RACH Failure cases for establish TA at SCell addition and SI request needs to be recorded, MAC should indicate the unsuccessful RA to RRC.
RACH Failure cases for establish TA at SCell addition and SI request do not belong to any one of CEF or RLF, and new available indicators and reporting formats are needed.
Proposal 3.1: Introduce new available indicators and reporting formats for RACH Failure cases for establish TA at SCell addition and SI request.
0. Accessibility Measurement Report
NR accessibility measurements include Establishment failure (Trigger by T300 expires) and Resume failure (Trigger by T319 expires).
In LTE, the UE logs failed RRC connection establishments and report to the network when connect to the network. The UE logs failed RRC connection establishments without the need for prior configuration by the network. The UE stores the Selected PLMN on the RRC connection establishment failure.
In NR, for the establishment failure and resume failure in CEF report, the LTE report parameters could be used as baseline. So the parameters lists in Table2 below are sent to the network (based on LTE MDT reporting content):
Table2 CEF report content in NR
	Field Name
	Contents

	measResultFailedCell
	RSRP and RSRQ of last measurement result

	measResultNeighCells
	Measurement result of neighbour cells of different RATs, and the SSB/CSI-RS measurement result and index of the NR cells

	locationInfo
	Location information

	failedCellId
	CGI of the cell 

	failedBeam
	SSB index when UE failed 

	failedCellRSRQ-Type
	Whether use all OFDM symbols and/or wideband when performing RSRQ measurements

	logMeasResultListBT
	The log result for BT

	logMeasResultListWLAN
	The log result for WLAN

	timeSinceFailure
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Time elapsed since the connection failure

	numberOfPreamblesSentPerSSBlist
	The number of preambles UE attempt per SSB index.

	contentionDetected
	Whether contention was detected for at least one preambles transmit

	maxTxPowerReached
	Whether the maximum power level was used for the last transmitted preamble

	UL/SUL carrier information
	UL or SUL frequency

	Number of connection failures
	Fail number of attempt to access to each cell, together with attempted SSB (list)


In Table2, to reflect the agreements achieved in previous meetings, the additional parameters based on LTE parameters are highlight in green, and the improvement of existing parameters are highlight in yellow. The LTE specific parameters are removed from the table.
Proposal 4: Apply the parameters in the additional and extended fields of CEF report based on the LTE CEF report content:
Additional fields:
· failed beam (SSB index);
· UL/SUL carrier information;
· Number of connection failures (CEF history).
Extended fields:
· SSB index and results of each cell in the serving and neighboring cells;
· Preamble number sent of each SSB.
For NR CEF Report is extended with “Number of connection failures per cell” field. But only to record the number of failures almost makes no sense. To make the report content more usable, some beam information or location information could be added for more accurate positioning. Since the attempt SSB can be indicated as part of RACH failure information, three options of structure can be considered as candidates:
· Option 1: Cell list -> CEF number in each cell + most attempted SSB index in the cell;
· Option 2: Cell list -> CEF number in each cell + all attempted SSB indexes in the cell;
· Option 3: Cell list -> CEF list in each cell -> location of each CEF;
Since the location information is not mandatory reported, an SSB index such as the most attempted SSB index in the cell could be used to indicate the rough position.
Proposal 5: For CEF history, at least add the most attempted SSB index together with the CEF number in each cell.
0. [bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK11][bookmark: OLE_LINK10]RLF/HOF Report
There are three cases specified in TS38.331 which may trigger the RLF detection:
· T310 expiry in PCell; 
· Random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running; 
· Indication from MCG RLC that the maximum number of retransmissions has been reached.
Therefore for the random access problem indication from MCG MAC while not in the RRC establishment/ RRC re-establishment/handover/ find suitable cell before RRC establishment/ RRC resume procedures, UE should record the RLF related report content.
For HOF detection, T304 expires could trigger the record of handover failure, including the handover failure type within NR or from NR.
In NR, for the radio link failure and handover failure in RLF report, the LTE report parameters could be used as baseline. So the parameters lists in Table3 below are sent to the network (based on LTE MDT reporting content):
Table3 RLF/HOF report content in NR
	Field Name
	Contents

	measResultLastServCell
	RSRP and RSRQ of last serving cell, together with the SSB/CSI-RS measurement result of the NR  serving cell, and index 1 bit indication per SSB/CSI-RS beams to report whether it is configured for RLM purpose

	measResultNeighCells
	Measurement result of neighbour cells of different RATs, and the SSB/CSI-RS measurement result and index of the NR cells

	locationInfo
	Location information

	failedPCellId
	CGI/pci-arfcn/TAC of the failed cell (the cell RLF occurred or the target Pcell of failed HO)

	failedBeam
	SSB index when UE failed 

	reestablishmentCellId
	The attempted cell of re-establishment

	timeConnFailure
	Time elapsed since the last HO initialization until connection failure

	connectionFailureType
	The failure is RLF or HOF

	previousPCellId
	Source PCell of the last handover (UE has received the RRC reconfiguration message with mobilityControl)

	basicFields
	c-RNTI
	C-RNTI

	
	rlf-cause
	t310-Expiry, randomAccessProblem, rlc-MaxNumRetx, t312-Expirymaybe add with a new cause of “BeamFailureRecoveryFailure”

	
	timeSinceFailure
	Time elapsed since the connection failure

	previousEUTRANR-CellId
	Source EUTRANR cell of the last successful HO to NR

	selectedEUTRANR-CellId
	Target EUTRANR cell the UE selected after RLF

	lastServCellRSRQ-Type
	Whether use all OFDM symbols and/or wideband when performing RSRQ measurements

	drb-EstablishedWithQCI-1
	Indicate whether have QCI=1 bearer when RLF occured

	numberOfPreamblesSentPerCSIRSlist
	The number of preambles UE attempt per CSI-RS index.

	numberOfPreamblesSentPerSSBlist
	The number of preambles UE attempt per SSB index.

	contentionDetected
	Whether contention was detected for at least one preambles transmit

	maxTxPowerReached
	Whether the maximum power level was used for the last transmitted preamble

	logMeasResultListBT
	The log result for BT

	logMeasResultListWLAN
	The log result for WLAN

	UL/SUL carrier information
	UL or SUL frequency

	no suitable cell is found
	ENUMERATED

	intra-system HO/inter-system HO
	ENUMERATED


Parameters in Table3 may be adapted for both RLF and HOF cases (maybe have different meaning), or only adapted to only one case, e.g. rlf-cause only atapt for RLF case. In Table3, to reflect the agreements achieved in previous meetings, the additional parameters based on LTE parameters are highlight in green, and the improvement of existing parameters are highlight in yellow. The LTE specific parameters are removed from the table.
In LTE, there is no number of preambles sent in RLF/HOF report. In NR, if it is RACH procedure failure leading to the RLF, it has been agreed that 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. But there is no any agreement about the preambles sent on SSB index. Since the record about preamble sent based on CSI-RS is agreed, it is also reasonable to also include the number of preambles sent for each SSB.
Proposal 6: SSB index and the corresponding number of preambles sent for each SSB index could be included in the NR RLF report, if it is RACH procedure failure leading to the RLF.
To assist the judgment of intra-system/inter-system failure type such as intra-system/inter-system too early handover, RAN3 has already agreed that the Handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report. 
For different failure causes, this indicator may have different meanings:
· For the cause of HOF, this bit indicates whether the current HO is a intra-system/inter-system HO;
· For the cause of RLF, this bit indicates whether the last HO is a intra-system/inter-system HO.
Therefore besides the parameters above, an indicator of intra-system HO/inter-system HO should also be included in the RLF/HOF report.
Proposal 7: Apply the parameters in the additional and extended fields of RLF/HOF report based on the LTE RLF/HOF report content:
Additional fields:
· failed beam (SSB index);
· numberOfPreamblesSentPerCSIRSlist/ numberOfPreamblesSentPerSSBlist;
· contentionDetected;
· maxTxPowerReached;
· UL/SUL carrier information;
· ENUMERATED: Whether no suitable cell is found;
· ENUMERATED:  Whether intra-system HO or inter-system HO.
Extended fields:
· SSB/CSI-RS index and results of each cell in the serving and neighboring cells;
· 1 bit indication per SSB/CSI-RS beams in serving cell to indicate whether it is configured for RLM purpose;
· a new cause of “BeamFailureRecoveryFailure” in parallel with “t310-Expiry”, “randomAccessProblem” and “rlc-MaxNumRetx”.
0. Re-establishment case
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Since it is agreed that NR RLF report is extended with a flag, where at least “no suitable cell is found” is indicated, and no additional UE measurement requirement for this, when to set the flag should be discussed.
In 38.331, T311 is used as the suitable cell find timer before sending re-establishment request message. The timer is started upon initiating the RRC connection re-establishment procedure, and could be stop upon selection of a suitable NR cell or a cell using another RAT. If the timer expires, UE goes to IDLE state.
	T311

	Upon initiating the RRC connection re-establishment procedure
	Upon selection of a suitable NR cell or a cell using another RAT.
	Enter RRC_IDLE


So timer T311 expire could be used to trigger the addition of the “no suitable cell is found” flag. If no suitable cell found, there will be two records for the whole procedure: one is for RLF/HOF failure; another is for no suitable cell found. Similar, if no suitable cell found after HOF, UE will record the failures upon T304 expire and T311 expire.
Proposal 8: Add “no suitable cell is found” flag to the RLF/HOF record while T311 expire.
If a suitable cell is found while T311 running, UE shall stop timer T311, and start the RRC re-establishment procedure with a timer T301.


Figure1 Trigger for recording “no suitable cell is found”
The RRC re-establishment procedure is one of the cases to perform RACH. In NR, UE could request re-establish the RRC connectivity upon one of the conditions fulfill [4]:
· A: Radio link failure of the MCG;
· B: Re-configuration with sync failure of the MCG;
· C: Mobility from NR failure;
· D: Integrity check failure indication from lower layers concerning SRB1 or SRB2, except if the integrity check failure is detected on the RRCReestablishment message;
· E: RRC connection reconfiguration failure (UE cannot comply) if security has been activated;
If re-establishment was initiated due to UE unable to comply with the reconfiguration (condition E), the cause value is set to reconfigurationFailure, and if the re-establishment was initiated due to handover failure within/from NR (condition B or C), the cause value is set to handoverFailure, and for any other conditions (condition A or D) the cause value is set to otherFailure.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]For conditions D and E, there is no need to record the failure since they have no relationship with coverage. But for conditions A/B/C, records the failure would make sense. In RLF/HOF failure report, there is a parameter named “reestablishmentCellId” which could identify the attempted cell of re-establishment (see the parameter in Table3), but there is no any record about whether the re-establishment is successful or not. This could be utilized together with the RLF/HOF result to identify the UL coverage problem. So it is also proposed to record the parameters about RRC Re-establishment if failure occurs, and the T301 expire could be used as the triggering of recording it.
Proposal 9: Record and report RRC Re-establishment failure after UE Re-establishment failure triggered by T301 expire, if any.
Since the HOF or RLF has already been logged before the re-establishment failure for conditions A/B/C mentioned above, similar parameters could be avoid logging twice, besides the cause value of “T301 expire”, the number of preambles transmitted, whether the maximum power level was used, and the UL/SUL carrier information could be used for the re-establishment failure report.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 10: Similar parameters already recorded in RLF/HOF failure report could be avoid logging twice for re-establish failure.
Proposal 11: Apply the parameters as the RRC Re-establishment failure report content:
· numberOfPreamblesSentPerSSBlist;
· maxTxPowerReached;
· UL/SUL carrier information.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]According to the analysis in section 2, we have:
Observation: The framework of RACH failure report in LTE could be reused in NR as baseline.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]And we propose:
Proposal 1: RLF and CEF have separate available indicators to the network and separate reporting formats.
Proposal 2: RLF and CEF available indicators should be included in the complete messages of RRC setup, RRC resume, RRC re-establishment or RRC re-configuration procedures, if UE stored the available records.
Proposal 3: If RACH Failure cases for establish TA at SCell addition and SI request needs to be recorded, MAC should indicate the unsuccessful RA to RRC.
Proposal 3.1: Introduce new available indicators and reporting formats for RACH Failure cases for establish TA at SCell addition and SI request.
Proposal 4: Apply the parameters in the additional or extended fields of CEF report based on the LTE CEF report content:
Additional fields:
· failed beam (SSB index);
· UL/SUL carrier information;
· Number of connection failures (CEF history).
Extended fields:
· SSB index and results of each cell in the serving and neighboring cells;
· Preamble number sent of each SSB.
Proposal 5: For CEF history, at least add the most attempted SSB index together with the CEF number in each cell.
Proposal 6: SSB index and the corresponding number of preambles sent for each SSB index could be included in the NR RLF report, if it is RACH procedure failure leading to the RLF.
Proposal 7: Apply the parameters in the additional and extended fields of RLF/HOF report based on the LTE RLF/HOF report content:
Additional fields:
· failed beam (SSB index);
· numberOfPreamblesSentPerCSIRSlist/ numberOfPreamblesSentPerSSBlist;
· contentionDetected;
· maxTxPowerReached;
· UL/SUL carrier information;
· ENUMERATED: Whether no suitable cell is found;
· ENUMERATED:  Whether intra-system HO or inter-system HO.
Extended fields:
· SSB/CSI-RS index and results of each cell in the serving and neighboring cells;
· 1 bit indication per SSB/CSI-RS beams in serving cell to indicate whether it is configured for RLM purpose;
· a new cause of “BeamFailureRecoveryFailure” in parallel with “t310-Expiry”, “randomAccessProblem” and “rlc-MaxNumRetx”.
Proposal 8: Add “no suitable cell is found” flag to the RLF/HOF record while T311 expire.
Proposal 9: Record and report RRC Re-establishment failure after UE Re-establishment failure triggered by T301 expire, if any.
Proposal 10: Similar parameters already recorded in RLF/HOF failure report could be avoid logging twice for re-establish failure.
Proposal 11: Apply the parameters as the RRC Re-establishment failure report content:
· numberOfPreamblesSentPerSSBlist;
· maxTxPowerReached;
· UL/SUL carrier information.
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