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1	Introduction
This paper discusses the measurement enhancement proposals submitted to the previous RAN2 meeting in R2-2403989 and R2-2403183.
The list of latest proposals in R2-2403989 was as follows:
	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 prohibit timer is introduced.
Proposal 4	: RAN2 to introduce new UE capabilities in case these new informations to be reported are agreed.



We first analyze the underlying problem and furthermore propose a way forward to deal with this topic. 
2	Problem analysis
2.1	Impact of “maxReportCells”
After a cell triggers an event entering condition, this cell is added into an event specific list and stored by the UE until it triggers an event leave condition for the same event. The list of triggered cells is kept in a UE variable list called “cellsTriggeredList” in VarMeasReportList. A cell triggering an event entering condition also triggers the measurement reporting procedure.
Once reporting is triggered for the same event UE sends a report compiled of “measResultNeighCells” that is a list of neighbour cells. UE adds best “maxReportCells” from “cellsTriggeredList” in “measResultNeighCells” including the best neighbouring cells. UE sorts the cells in decreasing quality of the quantity used to trigger the event, e.g., RSRP or RSRQ. 
This might mean that UE may not include some cells in the measurement report even if they trigger the event if they are not amongst the best “maxReportCells”. 
It is important to note that this list is measurement object specific as such it is per carrier that UE is configured to measure. 
2.1.1 Issues
Let’s assume cell 1 and cell 2 have fulfilled the event entering condition that triggered a measurement report. With maxReportcells configured as two, the UE will report the two cells that triggered the event. If another cell, cell 3, triggers the event and if cell 1 and cell 2 are stronger than cell 3, then cell 3 will not be included in the measurement report due to maxReportCells being set to two. UE will put the cell 3 in cellsTriggeredList but it will not be part of the report that the network receives. This example is illustrated in Figure 1.
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Figure 1: Illustration of cell 3 being not reported even though it triggers the related event reporting.
Similar example can be also formulated for leaving event as such also the cell that triggers event leave may not be reported to the network.
Observation 1: Due to maxReportCells some cells that triggers the event may not be reported to the network.
As the ordering happens only during the reporting procedure the UE does not keep a list of ordered cells and simply sends a new report as an entering condition or leaving condition is fulfilled. Among the maxReportCells that is reported to the network after some time passes, the network is not “sure” of the order of the cells.
Observation 2: As UE is moving, the signal strength of the reported cells may vary without triggering an event, resulting with the report to the network.
The issue can be split into two parts:
· Preparation for CHO and LTM
· Execution for all type of handovers.
For preparation if the network is not aware of the ordered list of cells this may cause unnecessary reservation for some cells not being de-configured and others not being prepared in time.
Observation 3: For preparation the network needs the up-to-date ordered list to keep only the best cells prepared for the UE to minimize resource reservation and guarantee the UE is always prepared with best cells to trigger handover.
For execution if the network is not aware of the best cell, this may cause the issue as follows:
· for baseline handover: the network does not trigger handover to the best cell that fulfilled an event entering condition. 
· for CHO: there is no issue as the triggering as at the UE side.
· for LTM: if only L3 measurements are used - the cell switch maybe triggered to non-best cell, if L1 measurements are used this may not be an issue.
Observation 4: For execution the network needs to know the best cell at the time of the execution.
Observation 5: For both preparation and execution a common solution should be aimed at.
3 Solutions
In this section we discuss how can the network be aware of the change in the order using different methods that are possible with the current specification or via enhancing the specification. To this end we suggest two approaches:
1. Using a new reporting mechanism to trigger reporting each time the order of list of cells changes (section 3.1).
2. Using multiple reporting configurations with increasing A3 thresholds (section 3.2).
3.1 Re-ordering of the list
To keep track of all the necessary preparation leading to execution towards the best cell the network needs to know the up-to-date ordered list of best cells.
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Figure 2: Illustration of list of reported cells due to new triggering mechanism suggested with re-ordering.
Figure 2 illustrates the reporting triggered with the new report triggering mechanism through re-ordering. The reports triggered by A4 entering condition being fulfilled is left out to avoid visual cluttering. As Cell 2 becomes stronger compared to Cell 1 the re-order detection mechanism triggers a new report and NW is able to track when Cell 2 becomes the strongest and Cell 1 becomes the second strongest cell. The re-order event does not only enable network to track the strongest cell but also enables UE to track the second and subsequent strongest cell. For instance, with the second report when cell 3 becomes the second strongest cell a new reporting is also triggered. 
1. Enabling the UE to report the strongest cell enables the network to prepare the candidate cell for CHO and LTM and also enables the network to trigger execution of handover towards the strongest cell. 
2. Enabling the UE to report also second, third or other strong cells, enables the network to prepare the candidate cells for CHO and LTM in time to be ready for the execution when it is needed.
In order to enable this new reporting mechanism, UE needs to maintain an updated list of reported cell strengths. UE creates this list the first it triggers a report for a specific event (step 2 in Fig. 3). Each time the cell signal strength from the reported value changes more than the Hysteresis value configured for the duration of the timeToTrigger, the UE should update the cell signal strength value and order the cells according to the stored signal strength values (step 3 in Figure. 3). If UE detects an order change after the re-ordering UE triggers a new reporting value (step 4 in Figure. 3) otherwise UE can keep following the same procedure. This procedure is illustrated below. 

[image: ]
Figure 3: Flow diagram for re-ordering based reporting trigger mechanism.

3.2 Multiple offsets configured for the same event
[image: ]
Figure 4: Illustration of list of reported cells with using multiple A4 offsets.
Another possibility for the network to always keep track of the strongest cell is to configure multiple offsets for the same measurement event. This will enable the network to monitor the status of the cells with a finer granularity without using periodic reporting. This finer granularity will enable the network to do preparation and execution as necessary. 
One example of configuring multiple offsets for the same event type is illustrated in Figure 4. The reporting as described in Figure 1 for the offset_1 is left out to focus on the reporting of the second offset, offset_2. The offset_2 can be configured multiple dBs above the initial offset_1. In case this is not easy for the network the configure, network can also configure multiple such offsets and disable some of the offsets if this does not give the necessary information. 
In this example, as offset_2 is rather high there aren’t three cells fulfilling the same event offset at the same time. For this reason the maxReportCells being configured as 2 always gives the full information as necessary to the network. Configuring an offset that is too high will not do any harm as this will be never fulfilled without causing any overhead. 
Proposal 1: To solve the problem of preparation of the best “x” cells and execution to the best cell RAN2 agrees to use either:
· the solution for re-ordering mechanism triggering a new event or 
· use of multiple thresholds for the same event linked to same Measurement Object. 
Proposal 2: Adopt the TP in the Annex.
4	Conclusion
This document has made the following observations and proposals:
Observation 1: Due to maxReportCells some cells that triggers the event may not be reported to the network.
Observation 2: As UE is moving, the signal strength of the reported cells may vary without triggering an event, resulting with the report to the network.
Observation 3: For preparation the network needs the up-to-date ordered list to keep only the best cells prepared for the UE to minimize resource reservation and guarantee the UE is always prepared with best cells to trigger handover.
Observation 4: For execution the network needs to know the best cell at the time of the execution.
Observation 5: For both preparation and execution a common solution should be aimed at.
Proposal 1: To solve the problem of preparation of the best “x” cells and execution to the best cell RAN2 agrees to use either:
· the solution for re-ordering mechanism triggering a new event or 
· use of multiple thresholds for the same event linked to same Measurement Object. 
Proposal 2: Adopt the TP in the Annex.
Annex – Text Proposals


START OF CHANGES
[bookmark: _Toc156129869]5.5.4	Measurement report triggering
[bookmark: _Toc60776886][bookmark: _Toc156129870]5.5.4.1	General
…
2>	upon the expiry of T321 for this measId:
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>	initiate the measurement reporting procedure, as specified in 5.5.5.
2>	upon the expiry of T322 for this measId:
3>	initiate the measurement reporting procedure, as specified in 5.5.5.
2>	if the reportType is set to eventTriggered and if the eventId is not set to eventD1 or eventH1 or eventH2 and if the reportOnOrderChange is configured for this measId defined within the VarMeasReport for this event and varOrderedList is created for this event:
3> if the measurement results for any cells in cellsTriggeredList changed more than Hys for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig compared to measurements stored in varMeasResult in varOrderedList;
4> set the measResult for that cell in varmeasResult according to varReportQuantity and for the rsType as indicated in varRsType in varOrderedList for this measId.
4> set the cells in decreasing order according to varReportQuantity and for the rsType as indicated in varRsType in varOrderedList for this measId using the signal strength values stored in varMeasResult.
4> if the order of the best MaxReportCells is different than the cells in varCellList in varOrderedList for this measId;
5> initiate the measurement reporting procedure, as specified in 5.5.5.






END OF CHANGES



START OF CHANGES
5.5.5	Measurement reporting
[bookmark: _Toc156129901]5.5.5.1	General
… 
3>	else:
4>	set the measResultNeighCells to include the best neighbouring cells up to maxReportCells in accordance with the following:
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;
5>	for each cell that is included in the measResultNeighCells, include the physCellId;
5>	if the reportType is set to eventTriggered or periodical:
6>	for each included cell, include the layer 3 filtered measured results in accordance with the reportConfig for this measId, ordered as follows:
7>	if the measObject associated with this measId concerns NR:
8>	if rsType in the associated reportConfig is set to ssb:
9>	set resultsSSB-Cell within the measResult to include the SS/PBCH block based quantity(ies) indicated in the reportQuantityCell within the concerned reportConfig, in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
9>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport are configured, include beam measurement information as described in 5.5.5.2;
8>	else if rsType in the associated reportConfig is set to csi-rs:
9>	set resultsCSI-RS-Cell within the measResult to include the CSI-RS based quantity(ies) indicated in the reportQuantityCell within the concerned reportConfig, in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
9>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport are configured, include beam measurement information as described in 5.5.5.2;
7>	if the measObject associated with this measId concerns E-UTRA:
8>	set the measResult to include the quantity(ies) indicated in the reportQuantity within the concerned reportConfigInterRAT in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
7>	if the measObject associated with this measId concerns UTRA-FDD and if ReportConfigInterRAT includes the reportQuantityUTRA-FDD:
8>	set the measResult to include the quantity(ies) indicated in the reportQuantityUTRA-FDD within the concerned reportConfigInterRAT in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
5>	if the reportOnOrderChange is configured:
6>  set the varCellList in varOrderedList within VarMeasReportList for this measId with the cells as ordered in measResult
6>  set the varmeasResult in varOrderedList with for all the cells included in cellsTriggeredList according to rsType and reportQuantity of measResult included in the measurement report.

END OF CHANGES
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