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1	Introduction
In this contribution, solutions to enhance the measurement report content sent by the UE by including for each cell whether the entering condition has been fulfilled and whether the measurement event related to a cell was the one which triggered the measurement report. 
[bookmark: _Ref178064866]2	Discussion
According to the current measurement report, the network can indicate to the UE whether or not the UE shall initiate the measurement reporting in case the leaving condition is met for a cell included in cellTriggeredList. This is valid for most of the measurement’s events configured in ReportConfigNR and ReportConfigInterRAT.
ReportConfigNR information element
-- ASN1START
-- TAG-REPORTCONFIGNR-START

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        reportSFTD                                  ReportSFTD-NR,
        condTriggerConfig-r16                       CondTriggerConfig-r16,
        cli-Periodical-r16                          CLI-PeriodicalReportConfig-r16,
        cli-EventTriggered-r16                      CLI-EventTriggerConfig-r16,
        rxTxPeriodical-r17                          RxTxPeriodical-r17,
        reportOnScellActivation-r18                 ReportOnScellActivation-r18
    }
}

EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA1                                     SEQUENCE {
            a1-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA2                                     SEQUENCE {
            a2-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useAllowedCellList                          BOOLEAN
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useAllowedCellList                          BOOLEAN
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useAllowedCellList                          BOOLEAN
        },
        eventA6                                     SEQUENCE {
            a6-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useAllowedCellList                          BOOLEAN
        },
        

NOTE: The above figure shows IE structure of ReportConfigNR but also ReportConfigInterRAT also has reportOnLeave included in its IE structure.
However, even with such indication available, it has been seen in real-life deployments that is still difficult for the network to know whether the UE has entered an event or exited an event just by looking at the received measurement report from the UE.
In fact, the network has to keep track of the historical measurement reports from the UE to understand if there is any cell that was included in the past measurement report but is missing from the current measurement report sent by the UE. This maybe be feasible when storing information for just one UE, but this solution is not scalable when the number of UE is high and multiple cells are deployed. Since this unnecessarily increases the network overhead, a simple solution would be for the UE to just indicate for each cell in the cell triggered list whether it has entered an event or exited an event.
The need of this information becomes more evident now that CHO and LTM have been standardized. For this mobility solution, network needs to choose a set of candidate cell to configure at the UE but, at the same, the difficult part how to maintain an up-to-date set of candidate cell so that the CHO execution procedure or the LTM cell switch procedure would not fail due a bad channel condition towards the selected candidate cell.
In UMTS the UE actually already signals per cell if a reported cell enters the reporting criteria or has left it. The motivation for this in UMTS was that in UMTS the network should maintain an up-to-date active set of cell, which is similar to what the network should do for CHO and LTM but for CHO and LTM the network should instead keep an up-to-date set of candidates.
Also, there is another scenario where for example additional information in the measurement report will bring benefits to the network. Let’s say the at time instance T1, Cell-A, Cell-B and Cell-C meet the measurement reporting criterion. Then the UE adds these cells in the cellsTriggeredList field of UE variable VarMeasReportList (the size of cellsTriggeredList is up to 32) and initiates the transmission of measurement report. From TS 38.331:
2> if the reportType is set to eventTriggered, and if the corresponding reportConfig does not include numberOfTriggeringCells, and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig, while the VarMeasReportList does not include a measurement reporting entry for this measId (a first cell triggers the event):
3> include a measurement reporting entry within the VarMeasReportList for this measId;
3> set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3> include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;    
3>    if useT312 is set to true in reportConfig for this event:
4> if T310 for the corresponding SpCell is running; and
4> if T312 is not running for corresponding SpCell:
5> start timer T312 for the corresponding SpCell with the value of T312 configured in the corresponding measObjectNR;
3> initiate the measurement reporting procedure, as specified in 5.5.5;
While transmitting the measurement report, the UE can send only up to maxReportCells (which let’s assume to be 2 in this case) in the measurement report i.e., the UE sends only cell-A and Cell-B in the measurement report. From TS 38.331:
4> set the measResultNeighCells to include the best neighbouring cells up to maxReportCells in accordance with the following:
[bookmark: _Hlk146555789]5> if the reportType is set to eventTriggered and eventId is not set to eventD1 or eventH1 or eventH2:
6> include the cells included in the cellsTriggeredList as defined within the VarMeasReportList for this measId;
5> else:
6> include the applicable cells for which the new measurement results became available since the last periodical reporting or since the measurement was initiated or reset;
If the maxReportCells is assumed to be 2 as indicated above, in case of CHO/LTM, the network may be forced to configure one candidate cell less than the optimal.
Now, let us say that Cell-B meets the leaving criterion but Cell-A and Cell-C have not met the leaving criterion. The UE initiates a measurement report in which the UE includes Cell-A and Cell-C in the measurement report.
2> if the reportType is set to eventTriggered and if the leaving condition applicable for this event is fulfilled for one or more of the cells included in the cellsTriggeredList defined within the VarMeasReportList for this measId for all measurements after layer 3 filtering taken during timeToTrigger defined within the VarMeasConfig for this event:
3> remove the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3> if reportOnLeave is set to true for the corresponding reporting configuration:
4> if the corresponding reportConfig does not include numberOfTriggeringCells; or
4> if the corresponding reportConfig includes numberOfTriggeringCells and a measurement report was previously sent to the network for at least one of the concerned cell(s):
5> initiate the measurement reporting procedure, as specified in 5.5.5;
3> if the cellsTriggeredList defined within the VarMeasReportList for this measId is empty:
4> remove the measurement reporting entry within the VarMeasReportList for this measId;
4> stop the periodical reporting timer for this measId, if running;
In this case, it is not straightforward for the network to identify that Cell-B needs to be de-configured as it has met the leaving condition. To solve these problems, a possible solution would be to for the UE to provide additional information about the leaving and entering condition for a cell when sending a measurement report.
A first information that UE may include in the measurement report is whether a cell fulfilled the event entering condition for the first time. Here first time means that a cell is included for the first time that cell is reported or that the UE has fulfilled the entering condition the first time after that the same cell has fulfilled a leaving condition. This will help the network to understand whether this cell has been just added to cellTriggeredList. 
[bookmark: _Toc166230669]After performing measurements according to the existing RAN4 requirements, if a measurement report is triggered the UE reports a new indication within MeasResults IE to indicate if an event entering condition for the cell is satisfied for the first time.
Further, a further information that would be helpful for the network is to know which cell(s) met the event leaving condition. This is because, even if we have the reportOnLeave feature, this just to tell the UE when a measurement report needs to be sent but in such a case the UE does not actually inform the network about which cell fulfilled the leaving condition. Therefore, we propose:
[bookmark: _Toc166230670]After performing measurements according to the existing RAN4 requirements, if a measurement report is triggered the UE reports a new indication within MeasResults IE to indicate which cell(s) fulfilled the event leaving condition.
It is worth clarifying that what is proposed in Proposal 1 and Proposal 2 is not a new type of measurement report triggering, but is just for the UE to provide additional information when a measurement report is triggered according to the legacy measurement framework.
Finally, a further issue that can be enhanced is for the UE to send a measurement report when the best cell changes. Assuming that the number of cell reported by the UE in the measurement report is X and this X is according to the limitation linked to maxReportCells. The problem is that once that the X cells are reported, as far as the X cell continue to stay the best X cells, the UE will not send any new measurement report, even if the best cell of the reported X cells has changed. For instance, consider that the X best cells at the time when the measurements report has been sent were Cell1, Cell2, and Cell3, with Cell1 being the best cell of the 3. Now, if later on the X best cells are still Cell1, Cell2, and Cell3, but the best cell of the 3 is Cell2 (so the order would be Cell2, Cell1, Cell3), the UE would not report any measurement to the network, and the network would still believe that Cell1 is the best one.
This may cause issues when e.g., setting up candidate cell for conditional mobility (e.g., CHO), or when executing other mobility-related procedures such as early UL or DL synchronization (e.g., as for the case of LTM). In addition to this, the network may decide to configure Cell1 (if we refer to the cited example) to be a candidate cell (e.g., for CHO or LTM) when, in reality, Cell2 it was the best one at the time when CHO and LTM has been configured.
To solve this issue, a possible solution would be for the UE to send a measurement report every time that the best cell changes. In particular, if we consider Figure 1, the UE may initially have reported Cell 1 as best cell. After this, Cell 2 it become an offset better than Cell 1 and at this point the UE starts a time to trigger (TTT). If the Cell 2 continue to be an offset better then Cell 1 during the whole TTT, then a new measurement report is triggered where the UE informs that now the best cell is Cell 2. 
If we continue in the same example of Figure 1, there is also another scenario where Cell 3 become an offset better than Cell 2 (which is not the new best cell), but this condition is not fulfilled for the whole TTT and thus there is no measurement report triggered.
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Figure 1. Measurement report when best cell changes
According to this, what we propose if for the UE to trigger a measurement report and inform the network if there is a cell (among the one previously reported) which is an offset better, during a time to trigger, than the previously reported best cell.
[bookmark: _Toc166230671]After performing measurements according to the existing RAN4 requirements, UE triggers a measurement report when the best cell among the ones previously reported changes. To limit the amount of UE reports, a time to trigger and a hysteresis is introduced.
[bookmark: _Toc166230672]RAN2 to introduce new UE capabilities in case these new informations to be reported are agreed.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	After performing measurements according to the existing RAN4 requirements, if a measurement report is triggered the UE reports a new indication within MeasResults IE to indicate if an event entering condition for the cell is satisfied for the first time.
Proposal 2	After performing measurements according to the existing RAN4 requirements, if a measurement report is triggered the UE reports a new indication within MeasResults IE to indicate which cell(s) fulfilled the event leaving condition.
Proposal 3	After performing measurements according to the existing RAN4 requirements, UE triggers a measurement report when the best cell among the ones previously reported changes. To limit the amount of UE reports, a time to trigger and a hysteresis is introduced.
Proposal 4	RAN2 to introduce new UE capabilities in case these new informations to be reported are agreed.
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