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1.
Introduction
This document discusses the different questions that were raised during RAN2 #62 meeting regarding measurement reporting. Basically, the main issue was to decide whether multiple cells could be included in a single measurement report and which type of cells to include.
2.
Discussion
As part of the discussion of [1], it was proposed to add some text in 36.331 to explicitly state that a single measurement report could include several cells corresponding to the same measurement ID. Basically, this can happen e.g. in the case when several cells are measured to be better than a threshold (event A4) or when several neighbouring cells are measurement to be better than the serving cell (event A3 with no offset). 

However, this is already defined in the current specification:

5.5.3
Measurement report triggering

5.5.3.1
General

The UE shall:

1> If measurement gaps are active or the UE does not require measurement gaps:

2> If Smeasure is not configured or

2> If Smeasure is configured and the serving cell quality (RSRP value) is lower than this value:

3> Peform measurements of neighbouring cells and evaluation of reporting criteria as specified in the following;

1>
for each measId included in the measIdList within VarMeasurementConfiguration:
2>
if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasurementConfiguration, is fulfilled for one or more cells applicable for this event for a duration exceeding the value of timeToTrigger defined for this event within the VarMeasurementConfiguration 

3>
if the reportInterval defined within the VarMeasurementConfiguration for this event is not equal to 0:

4>
set the periodicalReportingOngoing defined within the VarEventsTriggered for this event to TRUE;
3>
set the numberOfReportsSent defined within the VarEventsTriggered for this event to 0;

3>
include the concerned cell(s) in the cellsToReportList defined within the VarEventsTriggered for this event, if not included;
In addition to the previous text, the ASN.1 of the measurement report clearly allows the inclusion of several cells for a same measurement ID. So basically, we believe that the current assumption is that the UE is supposed to include all the cells that fulfil the condition applicable for a measurement ID in a single report.
Proposal 1 : Confirm the current assumption that it is possible for the UE to report multiple cells as part of a single measurement report.
This raises two questions:

1. How do we define when the UE is supposed to combine different cells as part of the same measurement report?

2. Do we want to restrict a measurement report to refer to one single measurement ID or whether we allow the UE to report several measurement IDs at the same time? This would allow the report to contain:
· Different types of cell: e.g. combining E-UTRA cells with UTRA cells.

· Different types of events: e.g. combining cells that triggered event A2 with cells that triggered event A4.
In order to answer these questions, we need to understand when such situation can occur. For that purpose, we analyze the different scenarios:
Periodical reporting: 
The UE sends a measurement report at periodical intervals. For each measurement ID, all the cells that are listed within the corresponding measurement object (in addition to the serving cell and the detected cells in the case of E-UTRA measurement object) have to be part of the measurement result report. Therefore in this particular case, it seems assumed that the report will include all the cells linked to the measurement ID. 
Proposal 2: in the case of periodical reporting, if more than one cell are indicated in a measurement object, the UE combines these cells as part of the same measurement report. Note that it may be the current assumption.
And in the case that several measurement IDs were sent as part of the same measurement configuration with the instruction to periodically send the report with the same periodicity, it would be more efficient to combine the reports. This can happen for instance when two different measurements objects are linked to the same reporting configuration:
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Proposal 3: in the case of periodical reporting, if more than one measurement IDs refer to the same reporting configuration, the UE combines these measurement IDs as part of the same report.
Event-triggered reporting: 
The UE sends a measurement report when a certain event occurs. In this case, there is the notion of Time to Trigger. Basically, a report is triggered when the condition related to the corresponding event is met for a duration exceeding the value of Time to Trigger. This value is signalled as part of the reporting configuration. For this type of reporting, it is our assumption that even though it is seldom, there are cases where multiple cells / multiple measurement IDs can be reported within a single measurement report:

· At gap activation: in the case of inter-frequency or inter-RAT measurement, the UE starts measuring when gaps get activated. Therefore, it could happen that at the time when the gap is activated, several cells meet the criteria specified in the reporting configurations. We hence believe that multiple cells could be reported within a single report.

Proposal 4: in the case of inter-freq or inter-RAT measurement, if more than one cell trigger a report at the same time (e.g. at gap activation), the UE combines these cells as part of the same measurement report. Note that it may be the current assumption.
· At cell edge: while the serving cell becomes worse and worse, the neighbouring cell is instead getting better and better. Therefore, it is likely that several events trigger a report at roughly the same time. Basically, this means that several measurement IDs (each pointing to a particular event) could potentially be sent within a single measurement report. 
For this last point, it is worth analyzing the two alternatives that we have:
1. combine several measurement IDs within a single measurement report

2. send one report per measurement ID
Alternative 1 : 

The UE sends one report per measurement ID. This very simple procedure has the drawback to increase the overhead in the uplink.
Alternative 2a : 

At cell edge, it could be interesting to combine measurement reports since two consecutive cells could trigger a report at roughly the same time. For instance, the serving cell could experience event A2 while a neighbouring cell could experience event A4. A possible rule to define when to send the combine report could be as follow :
During the TTT period while a cell is applicable for an event, if another cell appears to be applicable for another event, the UE is requested to wait in case this second cell is to be reported. See the following diagram:
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Figure 1: Cell A experiences event A2 and hence triggers timer Ta. Before Ta = TTT, cell B is detected to fulfil event A4, the UE hence starts timer Tb. When Tb = TTT, the UE sends a report including two cells.
This allows the UE to send one single report and hence save UL resources. On the other hand, it delays the transmission of the first report.

Alternative 2b:

When a TTT expires for an event instance, the UE should send a measurement report. But instead of reporting only the measurement result corresponding to the event instance for which the TTT has expired, the UE also includes information related to the event instances for which a TTT is running. This information can simply be in the form of a 1bit indication to inform the network that at least one TTT is still running. In addition to this simple information, the report can also include:
· The list of measurement ID for which a TTT is running

· For each measurement ID:

· the list of cells (i.e. the physical cell IDs or GERAN frequencies) that triggered the TTTs.

· the reporting quantities.

· the whole results

· For each running TTT, the remaining time before the TTT expires.
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Figure 2: Cell A experiences event A2 and hence triggers timer Ta. Before Ta = TTT, cell B is detected to fulfil event A4, the UE hence starts timer Tb. When Ta = TTT, the UE sends a report including information related to measID 2.
This applies to both multiple event instances being triggered for different cells of the same Measurement ID, as well as of different Measurement IDs.
In our view, alternative 1 is not optimum in the sense that the network could take a decision without all the information available at the UE side. Between the two other alternatives, solution 2b seems to be the best: it avoids the delay implied by solution 2a and it provides the network with suitable information.
Proposal 5 :
A Measurement Report (MR) should always be sent when the time-to-trigger expires for an event instance. This MR should include information corresponding to all Measurement IDs for which time-to-trigger has been running. The level of information is FFS.
Event triggered periodical reporting :

In case the reporting configuration is “event triggered periodical”, the measurement reports are sent after each Reporting Interval (RI) up to the maximum number of reports. For the subsequent periodical reporting after the event, it is desirable that the measurement reports of different event instances are bundled so that the overhead is reduced. This can be realised by implementing a rule by which the UE aligns the RI start point to the already existing periodical reports. As the RI can be different for different reporting configurations in principle, this alignment can be applicable to only the measurement IDs for which the same reporting configuration is applied.

Proposal 6:
For measurement IDs mapped to the same reporting configuration, that defines an event triggered periodical reporting, the RI start timing of latter triggered event instances should be aligned with the already ongoing periodical reports.
3.
Conclusion

Proposal 1: Confirm the current assumption that it is possible for the UE to report multiple cells as part of a single measurement report.

Proposal 2: in the case of periodical reporting, if more than one cell are indicated in a measurement object, the UE combines these cells as part of the same measurement report. Note that it may be the current assumption.
Proposal 3: in the case of periodical reporting, if more than one measurement IDs refer to the same reporting configuration, the UE combines these measurement IDs as part of the same report.

Proposal 4: in the case of inter-freq or inter-RAT measurement, if more than one cell trigger a report at the same time (e.g. at gap activation), the UE combines these cells as part of the same measurement report. Note that it may be the current assumption.
Proposal 5: A measurement report should always be sent when the time-to-trigger expires for an event instance. This report should include information corresponding to all measurement IDs for which time-to-trigger has been running. The level of information is FFS.
Proposal 6:
For measurement IDs mapped to the same reporting configuration, that defines an event triggered periodical reporting, the RI start timing of latter triggered event instances should be aligned with the already ongoing periodical reports.
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