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1	Introduction
[bookmark: _Ref178064866]This paper discusses how the previousPCellID and timeConnFailure are included in the RLF-Report. In our view, the current specification it is not clear about the procedure the UE should follow upon declaring RLF in certain scenarios.
2	Discussion
Let us consider the scenario illustrated in Figure 1 below. The UE receives an HO command for HO execution from cell to cell B. When being in cell B the UE experiences an RLF, followed by a reestablishment in cell C. As usual, as a result of this RLF, the UE generates and stores an RLF-Report. However, shortly after the reestablishment when still being in cell C, the UE experiences another RLF, and it generates a corresponding RLF for this failure in cell C.



[bookmark: _Ref79059480]Figure 1: RLF scenarios
 
Let us now focus on the following excerpt of TS 38.331 related to the inclusion of previousPCellID and timeConnFailure in the RLF-Report

	From TS 38.331:

2>	if an RRCReconfiguration message including the reconfigurationWithSync was received before the connection failure:
3>	if the last RRCReconfiguration message including the reconfigurationWithSync concerned an intra NR handover:
4>	include the nrPreviousCell in previousPCellId and set it to the global cell identity and the tracking area code of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;
4>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;




According to the above procedure, it seems that the when the UE generates the second RLF report for the failure in cell C has to include the previousPCellID and the timeConnFailure. However, since the last RRCReconfiguration message including the reconfigurationWithSync that the UE received was for the handover from cell A to cell B, the UE would include as previousPCellID the cell A not cell B. Hence the network when fetching the RLF report for the RLF in cell C will think that the last HO was an HO from cell A to cell C, not an HO from cell A to cell B. This may lead to erroneous network behaviours, i.e. the network tuning HO parameters for HOs between cell A to cell C.

Similarly, the timeConnFailure will be the time between the HO initialization in cell A and the RLF in cell C, and will include all the time spent in cell B. This information will be of little interest for the network, especially because the network will not know that the previousPCell was in fact cell B, not cell A (as described above).
Additionally, this may be a problem for the UE which has to keep running the timeConnFailure (and remember the previous Pcell ID) for long time, i.e. until the RLF in the cell in which the UE reestablished its connection.
The same issue would obviously apply in case the UE performed a connection setup or a resume in the cell C.

[bookmark: _Toc79091419]When the UE experiences an RLF in the same cell in which the UE performed a (re)-establishment or an resume procedure, the UE will also include the previousPCell ID and the timeConnFailure. However such previousPCell ID may not be the cell ID of the cell in which the UE was previously connected before the (re)establishment/resume procedure, and the timeConnFailure can be very long.
[bookmark: _Toc79091420]This issue may lead to erroenous network behaviours, and UE complexity since it has to remember potentially for long time the previousPCellID and track the timeConnFailure until (re)establishing/resuming its connection.
Hence the meaning of “before connection failure” should be clarified, because the last RRCReconfiguration message including the reconfigurationWithSync before the connection failure could be from long time ago and refer to a cell which was not involved at all in this failure.

Our proposal is to clarify that the UE does not log the previousPCellID and the timeConnFailure in case the PCell in which the UE experienced the RLF is not the target PCell of the last HO.
[bookmark: _Toc79091417]The UE does not log the previousPCellID and the timeConnFailure in case the PCell in which the UE experienced the RLF is not the target PCell of the last HO.
Since this issue is present in both NR and LTE specifications, it is proposed to solve it both in NR (Rel.16) and LTE (from Rel.10 onwards).
[bookmark: _Toc79091418]RAN2 to agree the TPs for NR (Rel.16) and LTE (from Rel.10 onwards) provided in the Annex 1 and Annex 2 respectively.

3 Conclusion
In the previous sections we made the following observations: 
Observation 1	When the UE experiences an RLF in the same cell in which the UE performed a (re)-establishment or an resume procedure, the UE will also include the previousPCell ID and the timeConnFailure. However such previousPCell ID may not be the cell ID of the cell in which the UE was previously connected before the (re)establishment/resume procedure, and the timeConnFailure can be very long.
Observation 2	This issue may lead to erroenous network behaviours, and UE complexity since it has to remember potentially for long time the previousPCellID and track the timeConnFailure until (re)establishing/resuming its connection.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE does not log the previousPCellID and the timeConnFailure in case the PCell in which the UE experienced the RLF is not the target PCell of the last HO.
Proposal 2	RAN2 to agree the TPs for NR (Rel.16) and LTE (from Rel.10 onwards) provided in the Annex 1 and Annex 2 respectively.
 
[bookmark: _In-sequence_SDU_delivery]Annex 1 - TP for NR
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	Reason for change:
	When the UE experiences an RLF in the same cell in which the UE performed a reestablishment or an resume procedure, the UE will also include the previousPCell ID and the timeConnFailure. However such previousPCell ID may not be the cell ID of the cell in which the UE was previously connected before the (re)establishment/resume proceure. 
Let´s consider the case in which the UE is handed-over from cell A to cell B, and then it gets an RLF while in cell B. Now the UE (re)establishes/resumes its connection in a cell C, and after a while it gets a new RLF. The UE logs the RLF-Report for the RLF in cell C, however it is not clear from the current specification whether in this case the UE should also log the previousPCellID and the timeConnFailure:

2>	if an RRCReconfiguration message including the reconfigurationWithSync was received before the connection failure:
3>	if the last RRCReconfiguration message including the reconfigurationWithSync concerned an intra NR handover:
4>	include the nrPreviousCell in previousPCellId and set it to the global cell identity and the tracking area code of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;
4>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;

In this case, what the sentence “before the connection failure” implies. If that implies that the UE can log the previousPCellID, then the previousPCellID will be cell A, not cell B. Hence the network when fetching the RLF report will think that the last HO was an HO from cell A to cell C, not an HO from cell A to cell B.
Similarly, the timeConnFailure will be the time between the HO initialization in cell A and the RLF in cell C, and will include all the time spent in cell B. This information will be of little interest for the network, especially because the network will not know that the previousPCell was in fact cell B, not cell A (as described above). This may also be problematic from the UE complexity point of view, since it has to remember the previousPCellID and track the timeConnFailure until the RLF in the cell in which the UE (re)established/resumed its connection.

It should be clarified the meaning of the sentence “before the connection failure”.



	
	

	Summary of change:
	It is clarified the meaning of the sentence “before the connection failure”.
In particular, it is clarified that the UE does not log the previousPCellID and the timeConnFailure in case the PCell in which the UE experienced the RLF is not the target PCell of the last HO.

Impact analysis

Impacted functionality:
RLF report content determination

Inter-operability analysis:
No inter-operability issues are foreseen
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[bookmark: _Toc60776827][bookmark: _Toc76423113]5.3.10.5	RLF report content determination
The UE shall determine the content in the VarRLF-Report as follows:
1>	clear the information included in VarRLF-Report, if any;
1>	set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);
1>	set the measResultLastServCell to include the cell level RSRP, RSRQ and the available SINR, of the source PCell(in case HO failure) or PCell (in case RLF) based on the available SSB and CSI-RS measurements collected up to the moment the UE detected failure;
1>	if the SS/PBCH block-based measurement quantities are available:
2>	set the rsIndexResults in measResultLastServCell to include all the available measurement quantities of the source PCell (in case HO failure) or PCell (in case RLF), ordered such that the highest SS/PBCH block RSRP is listed first if SS/PBCH block RSRP measurement results are available, otherwise the highest SS/PBCH block RSRQ is listed first if SS/PBCH block RSRQ measurement results are available, otherwise the highest SS/PBCH block SINR is listed first, based on the available SS/PBCH block based measurements collected up to the moment the UE detected failure;
1>	if the CSI-RS based measurement quantities are available:
2>	set the rsIndexResults in measResultLastServCell to include all the available measurement quantities of the source PCell (in case HO failure) or PCell (in case RLF), ordered such that the highest CSI-RS RSRP is listed first if CSI-RS RSRP measurement results are available, otherwise the highest CSI-RS RSRQ is listed first if CSI-RS RSRQ measurement results are available, otherwise the highest CSI-RS SINR is listed first, based on the available CSI-RS based measurements collected up to the moment the UE detected failure;
1>	set the ssbRLMConfigBitmap and/or csi-rsRLMConfigBitmap in measResultLastServCell to include the radio link monitoring configuration of the source PCell(in case HO failure) or PCell (in case RLF);
1>	for each of the configured measObjectNR in which measurements are available:
2>	if the SS/PBCH block-based measurement quantities are available:
3>	set the measResultListNR in measResultNeighCells to include all the available measurement quantities of the best measured cells, other than the source PCell(in case HO failure) or PCell (in case RLF), ordered such that the cell with highest SS/PBCH block RSRP is listed first if SS/PBCH block RSRP measurement results are available, otherwise the cell with highest SS/PBCH block RSRQ is listed first if SS/PBCH block RSRQ measurement results are available, otherwise the cell with highest SS/PBCH block SINR is listed first, based on the available SS/PBCH block based measurements collected up to the moment the UE detected failure;
4>	for each neighbour cell included, include the optional fields that are available;
2>	if the CSI-RS based measurement quantities are available:
3>	set the measResultListNR in measResultNeighCells to include all the available measurement quantities of the best measured cells, other than the source PCell, ordered such that the cell with highest CSI-RS RSRP is listed first if CSI-RS RSRP measurement results are available, otherwise the cell with highest CSI-RS RSRQ is listed first if CSI-RS RSRQ measurement results are available, otherwise the cell with highest CSI-RS SINR is listed first, based on the available CSI-RS based measurements collected up to the moment the UE detected radio link failure;
4>	for each neighbour cell included, include the optional fields that are available;
1>	for each of the configured EUTRA frequencies in which measurements are available;
2>	set the measResultListEUTRA in measResultNeighCells to include the best measured cells ordered such that the cell with highest RSRP is listed first if RSRP measurement results are available, otherwise the cell with highest RSRQ is listed first, and based on measurements collected up to the moment the UE detected failure;
3>	for each neighbour cell included, include the optional fields that are available;
NOTE 1:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
1>	set the c-RNTI to the C-RNTI used in the source PCell(in case HO failure) or PCell (in case RLF);
1>	if the failure is detected due to reconfiguration with sync failure as described in 5.3.5.8.3, set the fields in VarRLF-report as follows:
2>	set the connectionFailureType to hof;
2>	set the nrFailedPCellId in failedPCellId to the global cell identity and tracking area code, if available, and otherwise to the physical cell identity and carrier frequency of the target PCell of the failed handover;
2>	include nrPreviousCell in previousPCellId and set it to the global cell identity and tracking area code of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;
2>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;
1>	else if the failure is detected due to Mobility from NR failure as described in 5.4.3.5, set the fields in VarRLF-report as follows:
2>	set the connectionFailureType to hof;
2>	if last MobilityFromNRCommand concerned a failed inter-RAT handover from NR to E-UTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO EUTRA (NR to EUTRA):
3>	set the eutraFailedPCellId in failedPCellId to the global cell identity and tracking area code, if available, and otherwise to the physical cell identity and carrier frequency of the target PCell of the failed handover;
2>	include nrPreviousCell in previousPCellId and set it to the global cell identity and tracking area code of the PCell where the last MobilityFromNRCommand message was received;
2>	set the timeConnFailure to the elapsed time since reception of the last MobilityFromNRCommand message;
1>	else if the failure is detected due to radio link failure as described in 5.3.10.3, set the fields in VarRLF-report as follows:
2>	set the connectionFailureType to rlf;
2>	set the rlf-Cause to the trigger for detecting radio link failure in accordance with clause 5.3.10.4;
2>	set the nrFailedPCellId in failedPCellId to the global cell identity and the tracking area code, if available, and otherwise to the physical cell identity and carrier frequency of the PCell where radio link failure is detected;
2>	if an RRCReconfiguration message including the reconfigurationWithSync was received before the connection failure and concerned a handover to the PCell where radio link failure is detected:
3>	if the last RRCReconfiguration message including the reconfigurationWithSync concerned an intra NR handover:
4>	include the nrPreviousCell in previousPCellId and set it to the global cell identity and the tracking area code of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;
4>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;
3>	else if the last RRCReconfiguration message including the reconfigurationWithSync concerned a handover to NR from E-UTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO EUTRA:
4>	include the eutraPreviousCell in previousPCellId and set it to the global cell identity and the tracking area code of the E-UTRA PCell where the last RRCReconfiguration message including reconfigurationWithSync was received embedded in E-UTRA RRC message MobilityFromEUTRACommand message as specified in TS 36.331 [10] clause 5.4.3.3;
4>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync embedded in E-UTRA RRC message MobilityFromEUTRACommand message as specified in TS 36.331 [10] clause 5.4.3.3;
1>	if connectionFailureType is rlf and the rlf-Cause is set to randomAccessProblem or beamFailureRecoveryFailure; or
1>	if connectionFailureType is hof and if the failed handover is an intra-RAT handover:
2>	set the ra-InformationCommon to include the random-access related information as described in subclause 5.7.10.5;
1>	if available, set the locationInfo as in 5.3.3.7.
The UE may discard the radio link failure information or handover failure information, i.e. release the UE variable VarRLF-Report, 48 hours after the radio link failure/handover failure is detected.
NOTE 2:	In this clause, the term 'handover failure' has been used to refer to 'reconfiguration with sync failure'.
Annex 2 – TP for LTE
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3>	if an RRCConnectionReconfiguration message including the mobilityControlInfo was received before the connection failure:
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5>	include the previousPCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received;
5>	set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;

In this case, what the sentence “before the connection failure” implies. If that implies that the UE can log the previousPCellID, then the previousPCellID will be cell A, not cell B. Hence the network when fetching the RLF report will think that the last HO was an HO from cell A to cell C, not an HO from cell A to cell B.
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[bookmark: _Toc518844444][bookmark: _Toc5814725][bookmark: _Toc52542191][bookmark: _Toc52543210][bookmark: _Toc60826675]5.3.11.3	Detection of radio link failure
The UE shall:
1>	upon T310 expiry; or
1>	upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or
1>	upon indication from RLC that the maximum number of retransmissions has been reached:
2>	consider radio link failure to be detected;
2>	store the following radio link failure information in the VarRLF-Report by setting its fields as follows:
3>	clear the information included in VarRLF-Report, if any;
3>	set the plmn-Identity to the RPLMN;
3>	set the measResultLastServCell to include the RSRP and RSRQ, if available, of the PCell based on measurements collected up to the moment the UE detected radio link failure;
3>	set the measResultNeighCells to include the best measured cells, other than the PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected radio link failure, and set its fields as follows;
4>	if the UE was configured to perform measurements for one or more EUTRA frequencies, include the measResultListEUTRA;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring UTRA frequencies, include the measResultListUTRA;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring GERAN frequencies, include the measResultListGERAN;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring CDMA2000 frequencies, include the measResultsCDMA2000;
NOTE:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
3>	if detailed location information is available, set the content of the locationInfo as follows:
4>	include the locationCoordinates;
4>	include the horizontalVelocity, if available;
3>	set the failedPCellId to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the PCell where radio link failure is detected;
3>	if an RRCConnectionReconfiguration message including the mobilityControlInfo concerning an intra E-UTRA handover was received before the connection failure and concerned a handover to the PCell where radio link failure is detected:
4>	include previousPCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration including the mobilityControlInfo message was received;
4>	set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
3>	set the connectionFailureType to rlf;
2>	if AS security has not been activated:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
2>	else:
3>	initiate the connection re-establishment procedure as specified in 5.3.7;
The UE may discard the radio link failure information, i.e. release the UE variable VarRLF-Report 48, hours after the radio link failure is detected, upon power off or upon detach.
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