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Introduction
In the last meetings, RAN2 agreed to introduce the PSCell history information in MHI and has the following agreements and FFS.
2	For the Rel.17 PSCell MHI, the PSCells visited while connected to a certain PCell X are appended to the certain PCell X List in the MHI in the nested structure when the corresponding PCell X related entries are appended to the MHI. To be discussed how/where information associated to the visited PSCells [ensuring the chronological order] should be captured in the spec.

Agreements:
1	The UE should log in the PSCell nested structure the following entries in chronological order:
•	One entry for each visited PSCell (including the timeSpent with the PSCell and the PSCell ID)
•	One entry for each time interval without PSCells (including the time spent without PSCell)

2	How to address agreement 1 in RRC spec could be further studied at next meeting.

In this paper, we provide our views on this issue.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
[bookmark: OLE_LINK13]According to the discussion in the last meeting, there are two options.
Option 1: Add a new variable that stores in the chronological all the PSCells visited while connected to the same PCell.
	VarMobilityHistoryReport-r17 ::= SEQUENCE {

    visitedCellInfoList-r16          VisitedCellInfoList-r16,
    visitedPSCellInfoList-r17        VisitedPSCellInfoList-r17         OPTIONAL
}



Option 2: How to capture the information associated to the visited PSCells and the time intervals without PSCells is left to the UE implementation.

In the last meeting, some companies suggested to clearly define how the UE logs the PSCell info in MHI, otherwise it may happen that the UE appends the PSCell info into the wrong PCell nested structure. In this case, option 2 may cause some problems.
In current specification, the UE has one variable VarMobilityHistoryReport that can include the visited PSCell information, so we prefer to re-use it instead of adding a new variable.
Observation 1: The R16 VarMobilityHistoryReport includes the visited PSCell information and it can be re-used for logging PSCell info. 

In this existing variable, the PSCell information is nested in the PCell information. Upon the PSCell addition or change, in order to record the PSCell information, UE can firstly create an entry for the PCell even if the PCell is not changed, and then the UE can add the PSCell information in this entry of the PCell. The details are listed as below (this option can be considered as option 3):
· After the UE moves to a new serving Pcell, the UE sets the visitedCellId field
· For the visitedCellId, the UE does not set the timeSpent field before changing the current serving PCell 
· Upon Pcell change, the UE sets the timeSpent according to the legacy behaviours

As below, we show an example to explain the differences between option 1 and option 3. The summary of RIL stage 3[1] in the last meeting is also used here.
	Example:
· UE configured with PCell X, no PSCell.
· After 10 seconds in PCell X, the UE gets configured with a PSCell A (time without PSCell = 10 seconds)
· After 5 seconds, the UE is handed over to PSCell B (time with PSCell A = 5 seconds)
· After another 3 seconds, the UE gets PSCell B released (time with PSCell B = 3 seconds)
· After another 7 more seconds, the UE is handed over to PCell Y (time without PSCell = 7 seconds) 

When the UE is handed over to PCell Y, the PCell X is added into the MHI, and the following entries should be appended in the PSCell nested structure associated to the PCell X:
1. Time without PSCell = 10 seconds
2. PSCell A ID; timeSpent = 5 seconds
3. PSCell B ID; timeSpent = 3 seconds
4. Time without PSCell = 7 seconds
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	Event
	Option 1:
UE behaviours of setting the MHI variable
	Option 3:
UE behaviours of setting the MHI variable

	Add PSCell A
	VarMobilityHistoryReport-r17=
{
visitedCellInfoList-r16= {Null}
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s}
}
}


	VarMobilityHistoryReport-r16=
{
visitedCellInfoList-r16= 
{
VisitedCellInfo=
{
PCell X, TimeSpent= Null,
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s}
}
}
}
}


	To PSCell B
	VarMobilityHistoryReport-r17=
{
visitedCellInfoList-r16= {Null}
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s},
{PSCell A, TimeSpent=5s}
}
}
	VarMobilityHistoryReport-r16=
{
visitedCellInfoList-r16= 
{
VisitedCellInfo=
{
PCell X, TimeSpent=Null,
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s},
{PSCell A, TimeSpent=5s},
}
}
}
}

	Release PSCell 
	VarMobilityHistoryReport-r17=
{
visitedCellInfoList-r16= {Null}
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s},
{PSCell A, TimeSpent=5s},
{PSCell B, TimeSpent=3s}
}
}
	VarMobilityHistoryReport-r16=
{
visitedCellInfoList-r16= 
{
VisitedCellInfo=
{
PCell X, TimeSpent=25s,
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s},
{PSCell A, TimeSpent=5s},
{PSCell B, TimeSpent=3s}
}
}
}
}

	To PCell Y
	VarMobilityHistoryReport-r17=
{
visitedCellInfoList-r16= 
{
VisitedCellInfo=
{
PCell X, TimeSpent=25s,
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s},
{PSCell A, TimeSpent=5s},
{PSCell B, TimeSpent=3s}
{noTimeSpent=7s}
}
}
}
visitedPSCellInfoList-r17={Null}
}
	VarMobilityHistoryReport-r16=
{
visitedCellInfoList-r16= 
{
VisitedCellInfo=
{
PCell X, TimeSpent=25s,
visitedPSCellInfoList-r17=
{
{noTimeSpent=10s},
{PSCell A, TimeSpent=5s},
{PSCell B, TimeSpent=3s}
{noTimeSpent=7s}
}
}
}
}



Between option 1 and option 3, we think option 3 is better as it re-uses the existing variable VarMobilityHistoryReport as much as possible, while option 1 has more spec impacts because it needs to define another variable for storing the temporary information for Pscell.
In addition, for procedural text, we provide a draft CR for option 3 (in section 5), and the changes due to option 1 can be found in [2] (submitted at RAN2#118-e meeting). It can be observed that the impacts on the procedural text for option 1 are more than option 3 and the logic of the procedural text for option 3 is clearer.
In summary, we prefer option 3.

Proposal 1: It is proposed RAN2 to adopt the following solution for storing Pscell information in MHI:
· After the UE moves to a new serving Pcell, the UE sets the visitedCellId field
· For the visitedCellId, the UE does not set the timeSpent field before changing the current serving PCell 
· Upon Pcell change, the UE sets the timeSpent according to the legacy behaviours

Conclusion
[bookmark: OLE_LINK3]In this contribution, we discussed the logging of PSCell information and have the following observation and proposals:
Observation 1: The R16 VarMobilityHistoryReport includes the visited PSCell information. 

Proposal 1: It is proposed RAN2 to adopt the following solution for storing Pscell information in MHI:
· After the UE moves to a new serving Pcell, the UE sets the visitedCellId field
· For the visitedCellId, the UE does not set the timeSpent field before changing the current serving PCell 
· Upon Pcell change, the UE sets the timeSpent according to the legacy behaviours

For proposal 1, we also provide draft changes in section 5.
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TP for 38.331(Option 3)
5.7.9	Mobility history information
5.7.9.1	General
This procedure specifies how the mobility history information is stored by the UE, covering RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.
5.7.9.2	Initiation
If the UE supports storage of mobility history information, the UE shall:
1>	If the UE supports PSCell mobility history information and upon addition of a PSCell:
2>	if the visitedCellID in the newest entry of the PCell in variable VarMobilityHistoryReport is not the current PCell:
3>	include an entry in visitedCellInfoList of the variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
4>	if the global cell identity of the current PCell is available;
5>	include the global cell identity of that cell in the field visitedCellId of the entry;
4>	else:
5>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
2>	include an entry in visitedPSCellInfoList in variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
3>	set the field timeSpent of the entry according to following:
4>	if this is the first PSCell entry for the current PCell since entering the current PCell in RRC_CONNECTED:
5>	include the entry as the time spent with no PSCell since entering the current PCell in RRC_CONNECTED;
4>	else:
5>	include the time spent with no PSCell since last PSCell release or SCG failure since entering the current PCell in RRC_CONNECTED;
1>	If the UE supports PSCell mobility history information and upon change, or release of a PSCell or upon declaring failure in a PSCell (SCG RLF or SCG HOF) while being connected to the current PCell:
2>	include an entry in visitedPSCellInfoList of the variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
3>	if the global cell identity of the previous PSCell is available:
4>	include the global cell identity of that cell in the field visitedCellId of the entry;
3>	else:
4>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
3>	set the field timeSpent of the entry as the time spent in the previous PSCell while being connected to the current PCell;
1>	Upon change of suitable cell, consisting of PCell in RRC_CONNECTED (for NR or E-UTRA cell) or serving cell in RRC_INACTIVE (for NR cell) or in RRC_IDLE (for NR or E-UTRA cell), to another NR or E-UTRA cell, or when entering any cell selection' state from 'camped normally' state in NR or LTE or when entering 'any cell selection' state from a suitable cell in RRC_CONNECTED state in NR or LTE:
2>		if the visitedCellID in the newest entry of the PCell in variable VarMobilityHistoryReport is not the previous PCell/serving cell, 
3> include an entry in visitedCellInfoList of the variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
34>	if the global cell identity of the previous PCell/serving cell is available:
45>	include the global cell identity of that cell in the field visitedCellId of the entry;
34>	else:
45>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
2> for the newest entry of the PCell in variable VarMobilityHistoryReport,
3>	set the field timeSpent of the entry as the time spent in the previous PCell/serving cell;
3>	if the UE supports PSCell mobility history information and if the UE continues to be connected to the same PSCell during the change of the PCell in RRC_CONNECTED:
4>	include an entry in visitedPSCellInfoList of the variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
5>	if the global cell identity of the PSCell is available:
6>	include the global cell identity of that cell in the field visitedCellId of the entry;
5>	else:
6>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
5>	set the field timeSpent of the entry as the time spent in the PSCell, while being connected to previous PCell;
3>	else if the UE supports PSCell mobility history information and if the UE changes PSCell, or attempts to change PSCell but fails, at the same time as the change of the PCell in RRC_CONNECTED:
4>	include an entry in visitedPSCellInfoList in variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
5>	if the global cell identity of the previous PSCell is available:
6>	include the global cell identity of that cell in the field visitedCellId of the entry;
5>	else:
6>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
5>	set the field timeSpent of the entry as the time spent in the PSCell, while being connected to previous PCell;
3>	if the UE supports PSCell mobility history information and if the UE was not configured with a PSCell at the time of change of PCell in RRC_CONNECTED:
4>	include an entry in visitedPSCellInfoList after removing the oldest entry, if necessary, according to the following;
5>	set the field timeSpent of the entry as the time without PSCell according to the following:
6>	if the UE experienced a PSCell release or secondary cell radio link failure since entering the previous PCell in RRC_CONNECTED:
7>	include the time spent with no PSCell since last PSCell release or secondary cell radio link failure since entering the previous PCell in RRC_CONNECTED;
3>	if the UE supports PSCell mobility history information and if visitedPSCellInfoList exists in VarMobilityHistoryReport:
4>	include visitedPSCellInfoList in the visitedCellInfoList of the variable VarMobilityHistoryReport associating it with the latest PCell entry;
4>	remove visitedPSCellInfoList from the variable VarMobilityHistoryReport;
1>	if the UE supports PSCell mobility history information and upon entering 'camped normally' state in NR (in RRC_IDLE or RRC_INACTIVE) or E-UTRA (in RRC_IDLE) while previously in RRC_CONNECTED state NR or LTE while not connected to a PSCell:
2>	include an entry in visitedPSCellInfoList after removing the oldest entry, if necessary, according to the following;
3>	set the field timeSpent of the entry as the time without PSCell according to the following:
4>	if the UE experienced a PSCell release or secondary cell radio link failure since entering the current PCell in RRC_CONNECTED:
5>	include the time spent with no PSCell since last PSCell release or SCG radio link failure after entering the current PCell in RRC_CONNECTED.
1>	upon entering 'camped normally' state in NR (in RRC_IDLE or RRC_INACTIVE) or E-UTRA (in RRC_IDLE) while previously in 'any cell selection' state or 'camped on any cell' state in NR or LTE:
2>	include an entry in variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
3>	set the field timeSpent of the entry as the time spent in 'any cell selection' state and/or 'camped on any cell' state in NR or LTE

<Next modification>

[bookmark: _Toc60776993][bookmark: _Toc100929817]5.7.10	UE Information
[bookmark: _Toc60776994][bookmark: _Toc100929818]5.7.10.1	General

Figure 5.7.10.1-1: UE information procedure
The UE information procedure is used by the network to request the UE to report information.
[bookmark: _Toc60776995][bookmark: _Toc100929819]5.7.10.2	Initiation
The network initiates the procedure by sending the UEInformationRequest message. The network should initiate this procedure only after successful security activation.
[bookmark: _Toc60776996][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>	if the UE supports multiple CEF report:
3>	for each connEstFailReport in the connEstFailReportList in VarConnEstFailReportList:
4>	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;
2>	discard the connEstFailReport from VarConnEstFailReport and VarConnEstFailReportList upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	if the mobilityHistoryReportReq is set to true:
2>	include the mobilityHistoryReport and set it to include visitedCellInfoList from VarMobilityHistoryReport;
2>	if the visitedCellID in the newest entry of the PCell in the mobilityHistoryReport is not the current PCell, include in the mobilityHistoryReport an entry for the current PCell, possibly after removing the oldest entry if required, and set its fields as follows:
3>	set visitedCellId to the global cell identity or the physical cell identity and carrier frequency of the current PCell:
3>	set field timeSpent to the time spent in the current PCell;
2>	if the visitedCellID in the newest entry of the PCell in the mobilityHistoryReport is the current PCell,
3>	set field timeSpent to the time spent in the current PCell;
2> for the newest entry of the PCell in the mobilityHistoryReport,
3>	if the UE supports PSCell mobility history information and if visitedPSCellInfoList is present in VarMobilityHistoryReport:
4>	for the newest entry of the PCell in the mobiliyHistoryReport, include visitedPSCellInfoList from VarMobilityHistoryReport;
4>	if the UE is configured with a PSCell:
5>	for the newest entry of the PCell in the mobiliyHistoryReport, include the current PSCell information in the visitedPSCellInfoList, possibly after removing the oldest entry, if required, and set its fields as follows:
6>	set visitedCellId to the global cell identity or the physical cell identity and carrier frequency of the current PSCell:
6>	set field timeSpent to the time spent in the current PSCell while being connected to the current PCell;
4>	else:
5>	for the newest entry of the PCell in the mobiliyHistoryReport, include a new entry in the visitedPSCellInfoList, possibly after removing the oldest entry, if required, and set its fields as follows:
6>	set field timeSpent to the time spent without PSCell in the current PCell since last PSCell release or secondary cell radio link failure since connected to the current PCell in RRC_CONNECTED;
3>	else if the UE supports PSCell mobility history information:
4>	if the UE is configured with a PSCell:
5>	for the newest entry of the PCell in the mobiliyHistoryReport, include the current PSCell information in the visitedPSCellInfoList, possibly after removing the oldest entry, if required, and set its fields as follows:
6>	set visitedCellId to the global cell identity or the physical cell identity and carrier frequency of the current PSCell:
6>	set field timeSpent to the time spent in the current PSCell while being connected to the current PCell;
4>	else:
5>	for the newest entry of the PCell in the mobiliyHistoryReport, include a new entry in the visitedPSCellInfoList, possibly after removing the oldest entry, if required, and set its fields as follows:
6>	set field timeSpent to the time spent without PSCell in the current PCell since connected to the current PCell in RRC_CONNECTED;
1>	if the successHO-ReportReq is set to true and if the UE has successful handover related information available in VarSuccessHO-Report and if the RPLMN is included in the plmn-IdentityList stored in VarSuccessHO-Report:
2>	if the successHO-Report in the VarSuccessHO-Report concerns a DAPS handover and if a PDCP PDU has been received from the source cell of the concerned HO and a non-duplicated PDCP PDU has been received from the target cell of the concerned HO:
3>	set upInterruptionTimeAtHO in VarSuccessHO-Report to include the time elapsed between the time of arrival of the last PDCP PDU received from the source cell of the concerned handover and the time of arrival of the first non-duplicate PDCP PDU received from the target cell of the concerned handover, as measured at the time of arrival of the first non-duplicate PDCP PDU received from the target cell;
2>	set the successHO-Report in the UEInformationResponse message to the value of successHO-Report in the VarSuccessHO-Report, if available;
2>	discard the VarSuccessHO-Report upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	if the coarseLocationRequest is set to true:
2>	if available, include coarseLocationInfo;
1>	if the logMeasReport is included in the UEInformationResponse:
2>	submit the UEInformationResponse message to lower layers for transmission via SRB2;
2>	discard the logged measurement entries included in the logMeasInfoList from VarLogMeasReport upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	else:
2>	submit the UEInformationResponse message to lower layers for transmission via SRB1.
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