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1	Introduction
Multiple CEF reports were agreed in RAN2#117-e meeting and specification is under draft on running CR. In this paper we discuss some observation related to the implementation of multiple CEF report and propose some solutions. The problems addressed in this paper are associated to the RILs number E057 and E123.
[bookmark: _Ref178064866]2	Discussion
2.1	Current implementation in the latest version of the RRC spec
The below implementation is drafted in the running CR with the changes highlighted in yellow:
[bookmark: _Toc60776996][bookmark: _Toc83739951]5.7.10.3	Reception of the UEInformationRequest message
Upon receiving the UEInformationRequest message, the UE shall, only after successful security activation:
*************************** text omitted **************************************************
1>	if connEstFailReportReq is set to true and the UE has connection establishment failure or connection resume failure information in VarConnEstFailReport or VarConnEstFailReportList and if the RPLMN is equal to plmn-Identity stored in VarConnEstFailReport:
2>	set timeSinceFailure in VarConnEstFailReport to the time that elapsed since the last connection establishment failure or connection resume failure in NR;
2>	set the connEstFailReport in the UEInformationResponse message to the value of connEstFailReport in VarConnEstFailReport;
2>	for each connEstFailReport in the connEstFailReportList in the UEInformationResponse message, set the value to the value of connEstFailReport in VarConnEstFailReport in VarConnEstFailReportList;
*************************** text omitted **************************************************
2.2	Limitations and proposed solutions
2.2.1 Ambiguity regarding time since failure information
Current procedure stipulates including the timeSinceFailure in the CEF report at the time of reporting the CEF report to network. Since the elements of the CEF report list is populated with CEF reports, the timeSinceFailure information is not added in the elements. Furthermore, it is a mandatory field in the ASN.1 specification and is required to be included while reporting to the network.
[bookmark: _Toc101803934]Each element of the CEF Report list needs to be updated with a timeSinceFailure information during reporting of the CEF Report list, current implementation doesn’t include that.

2.2.1.1 Solution using multiple timers
In this section, a possible solution using a single timer is proposed:


Figure 1: TimeSinceFailure information with multiple timers

In this solution, the UE starts and maintains a new timer for each CEF occurred in different cells. While reporting to the network, UE updates each element of the CEF report list with the respective value of the timer.

2.2.1.2 Solution using a single timer
In this section, a possible solution using a single timer is proposed:


Figure 2: TimeSinceFailure information with a single timer

In this solution, the UE starts a timer during first failure and resets it during every additional failure. If CEF information is to be put into the CEF report list; implying CEFs occurring in different cells, UE includes the current value of the timer as the timeSinceFailure value of the previous element in the CEF report list and resets the timer to continue measuring time since failure for the new CEF. Finally, during reporting, it can add the time Since failure information for the last element of the CEF report list. Thus, the network can calculate the elapsed time since the first failure from all consecutive time since failure information.
2.2.1.3 Comparison of the solutions
Below table summarizes the pros and cons of the proposed solutions:
	Solution
	Pros
	Cons

	UE maintaining a single timer
	Less overhead since UE needs to run only a single timer
	The timeSinceFailure IE of the elements of the CEF report list potentially denotes time between the consecutive CEFs in different cells.

	UE maintaining multiple timer
	The timeSinceFailure IE in each items of the CEF report list represents the time between the time since the fialure experienced and reporting time to the network
	More overhead for the UE. UE may need to maintain 5 timers to keep track of the timeSinceFailure information depending on the scenario.




[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc101803940]RAN2 to select between the below options regarding update of each element of the CEF report list with timeSinceFailure IE:
i. [bookmark: _Toc101803941]UE maintains different timers for different failures occurred in different cells and updates respective elements of the CEF report list.
ii. [bookmark: _Toc101803942]UE maintains one timer that logs time between different failures in the CEF report list. i.e., the time between i-th failure (i-th entry in the ECF report list) and (i+1)-th failure ( (i+1)-th entry in the CEF report list) will be logged in the timeSinceFailure of the i-th entry. UE resets the timer once the value is logged.
2.2.2 Duplication in CEF report and CEF report list
According to current implementation, when the UE experiences an establishment failure, it logs it into CEF report and includes the CEF report in the CEF report list it the failures are experienced in different cells. Since the CEF report list can include up to the value maxCEFReport-r17 CEF reports belonging to different cells, if the total number of failures observed by the UE is less than or equal to maxCEFReport-r17, the legacy CEF report and the last element of the CEF report list would consists of duplicated value.
[bookmark: _Toc101803935]If the total number of connection establishment failure is less than or equal to maxCEFReport-r17, the legacy CEF report and the last element of the CEF report list contains duplicated value, thus increasing overhead.
As a solution, UE can remove the duplicated value from one of the reports and report to network. Since a rel-16 gNB doesn’t support CEF report list, UE may remove the last element from the CEF report list so that the CEF report is present.
[bookmark: _Toc101803943]If the CEF report and one of the elements of the CEF report List are same, UE removes the element from the CEF report list before reporting both to the network.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Each element of the CEF Report list needs to be updated with a timeSinceFailure information during reporting of the CEF Report list, current implementation doesn’t include that.
Observation 2	If the total number of connection establishment failure is less than or equal to maxCEFReport-r17, the legacy CEF report and the last element of the CEF report list contains duplicated value, thus increasing overhead.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to select between the below options regarding update of each element of the CEF report list with timeSinceFailure IE:
i.	UE maintains different timers for different failures occurred in different cells and updates respective elements of the CEF report list.
ii.	UE maintains one timer that logs time between different failures in the CEF report list. i.e., the time between i-th failure (i-th entry in the ECF report list) and (i+1)-th failure ( (i+1)-th entry in the CEF report list) will be logged in the timeSinceFailure of the i-th entry. UE resets the timer once the value is logged.
Proposal 2	If the CEF report and one of the elements of the CEF report List are same, UE removes the element from the CEF report list before reporting both to the network.
 Text Proposal (in this text method Proposal1-i and Proposal 2 are implemented)

[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc60776836][bookmark: _Toc90650708]5.3.13.5	Handling of failure to resume RRC Connection
The UE shall:
1>	if timer T319 expires:
2>	if the UE has connection establishment failure information or connection resume failure information available in VarConnEstFailReport and if the RPLMN is not equal to plmn-identity stored in VarConnEstFailReport; or
2>	if the cell identity of current cell is not equal to the cell identity stored in measResultFailedCell in VarConnEstFailReport:
3>	reset the numberOfConnFail to 0;
2>	if the UE has connection establishment failure informaton or connection resume failure information available in VarConnEstFailReportList and if the RPLMN is not equal to plmn-identity stored in VarConnEstFailReportList:
3>	clear the content included in VarConnEstFailReportList;
2> clear the content included in VarConnEstFailReport except for the numberOfConnFail, if any;
2>	store the following connection resume failure information in the VarConnEstFailReport by setting its fields as follows:
3>	set the plmn-Identity to the PLMN selected by upper layers (see TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityInfoList in SIB1;
3>	set the measResultFailedCell to include the global cell identity, tracking area code, the cell level and SS/PBCH block level RSRP, and RSRQ, and SS/PBCH block indexes, of the failed cell based on the available SSB measurements collected up to the moment the UE detected connection resume failure;
3>	if available, set the measResultNeighCells, in order of decreasing ranking-criterion as used for cell re-selection, to include neighbouring cell measurements for at most the following number of neighbouring cells: 6 intra-frequency and 3 inter-frequency neighbours per frequency as well as 3 inter-RAT neighbours, per frequency/ set of frequencies per RAT and according to the following:
4>	for each neighbour cell included, include the optional fields that are available;
NOTE:	The UE includes the latest results of the available measurements as used for cell reselection evaluation, which are performed in accordance with the performance requirements as specified in TS 38.133 [14].
3>	if available, set the locationInfo as in 5.3.3.7;
3>	set perRAInfoList to indicate the performed random access procedure related information as specified in 5.7.10.5;
3>	if numberOfConnFail is smaller than 8:
4>	increment the numberOfConnFail by 1;
2>	if the UE supports multiple CEF report:
3>	if the cgi-Info in the measResultFailedCell in the newly added VarConnEstFailReport is the same as the cgi-Info in the measResultFailedCell in the last entry in the VarConnEstFailReportList:
4>	except for the numberOfConnFail, replace all information elements for the enty with the VarConnEstFailReport:
3>	else:
4>	if the maxCEFReport-r17 has not been reached:
	5> set timeSinceFailure in connEstFailReport of the last entry of the VarConnEstFailReportList to the time elapsed since the connection establishment failure or connection resume failure in NR associated to last entry of the VarConnEstFailReportList;
5>	append the VarConnEstFailReport as a new entry in the VarConnEstFailReportList;
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'RRC Resume failure'.
1>	else if upon receiving Integrity check failure indication from lower layers while T319 or T319a is running:
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'RRC Resume failure'.

Text Proposal (in this text method Proposal1-ii and Proposal 2 are implemented)
[bookmark: _Toc100929820]5.7.10.3	Reception of the UEInformationRequest message
Upon receiving the UEInformationRequest message, the UE shall, only after successful security activation:
1>	if the idleModeMeasurementReq is included in the UEInformationRequest and the UE has stored VarMeasIdleReport that contains measurement information concerning cells other than the PCell:
2>	set the measResultIdleEUTRA in the UEInformationResponse message to the value of measReportIdleEUTRA in the VarMeasIdleReport, if available;
2>	set the measResultIdleNR in the UEInformationResponse message to the value of measReportIdleNR in the VarMeasIdleReport, if available;
2>	discard the VarMeasIdleReport upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	if the logMeasReportReq is present and if the RPLMN is included in plmn-IdentityList stored in VarLogMeasReport:
2>	if VarLogMeasReport includes one or more logged measurement entries, set the contents of the logMeasReport in the UEInformationResponse message as follows:
3>	include the absoluteTimeStamp and set it to the value of absoluteTimeInfo in the VarLogMeasReport;
3>	include the traceReference and set it to the value of traceReference in the VarLogMeasReport;
3>	include the traceRecordingSessionRef and set it to the value of traceRecordingSessionRef in the VarLogMeasReport;
3>	include the tce-Id and set it to the value of tce-Id in the VarLogMeasReport;
3>	include the logMeasInfoList and set it to include one or more entries from the VarLogMeasReport starting from the entries logged first, and for each entry of the logMeasInfoList that is included, include all information stored in the corresponding logMeasInfoList entry in VarLogMeasReport;
3>	if the VarLogMeasReport includes one or more additional logged measurement entries that are not included in the logMeasInfoList within the UEInformationResponse message:
4>	include the logMeasAvailable;
4>	if bt-LocationInfo is included in locationInfo of one or more of the additional logged measurement entries in VarLogMeasReport that are not included in the logMeasInfoList within the UEInformationResponse message:
5>	include the logMeasAvailableBT;
4>	if wlan-LocationInfo is included in locationInfo of one or more of the additional logged measurement entries in VarLogMeasReport that are not included in the logMeasInfoList within the UEInformationResponse message:
5>	include the logMeasAvailableWLAN;
1>	if ra-ReportReq is set to true and the UE has random access related information available in VarRA-Report and if the RPLMN is included in plmn-IdentityList stored in VarRA-Report:
2>	set the ra-ReportList in the UEInformationResponse message to the value of ra-ReportList in VarRA-Report;
2>	discard the ra-ReportList from VarRA-Report upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	if rlf-ReportReq is set to true:
2>	if the UE has radio link failure information or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:
3>	set timeSinceFailure in VarRLF-Report to the time that elapsed since the last radio link failure or handover failure in NR;
3>	set the rlf-Report in the UEInformationResponse message to the value of rlf-Report in VarRLF-Report;
3>	discard the rlf-Report from VarRLF-Report upon successful delivery of the UEInformationResponse message confirmed by lower layers;
2>	else if the UE is capable of cross-RAT RLF reporting as defined in TS 38.306 [26] and has radio link failure information or handover failure information available in VarRLF-Report of TS 36.331 [10] and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report of TS 36.331 [10]:
3>	set timeSinceFailure in VarRLF-Report of TS 36.331 [10] to the time that elapsed since the last radio link failure or handover failure in EUTRA;
3>	set failedPCellId-EUTRA in the rlf-Report in the UEInformationResponse message to indicate the PCell in which RLF was detected or the source PCell of the failed handover in the VarRLF-Report of TS 36.331 [10];
3>	set the measResult-RLF-Report-EUTRA in the rlf-Report in the UEInformationResponse message to the value of rlf-Report in VarRLF-Report of TS 36.331 [10];
3>	discard the rlf-Report from VarRLF-Report of TS 36.331 [10] upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	if connEstFailReportReq is set to true and the UE has connection establishment failure or connection resume failure information in VarConnEstFailReport or VarConnEstFailReportList and if the RPLMN is equal to plmn-Identity stored in VarConnEstFailReport:
2>	set timeSinceFailure in VarConnEstFailReport to the time that elapsed since the last connection establishment failure or connection resume failure in NR;
2>	set the connEstFailReport in the UEInformationResponse message to the value of connEstFailReport in VarConnEstFailReport;
2> for each connEstFailReport in the connEstFailReportList in VarConnEstFailReportList:
3> set timeSinceFailure to the time that elapsed since the associated connection establishment failure or connection resume failure in NR;
2>	for each connEstFailReport in the connEstFailReportList in the UEInformationResponse message, set the value to the value of connEstFailReport in VarConnEstFailReport in VarConnEstFailReportList expect the last entry if the content of connEstFailReport in the VarConnEstFailReport is equal to the content of the last entry in the VarConnEstFailReportList;
2>	discard the connEstFailReport from VarConnEstFailReport and VarConnEstFailReportList upon successful delivery of the UEInformationResponse message confirmed by lower layers;
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