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1 Introduction
In previous meetings, RAN WG2 has agreed on three measurement reporting criteria:
· Periodic

· Event-triggered

· Event-triggered periodic

It has also been agreed that measurement quantities and reporting events shall be considered separately for each measurement type [1]. Measurements are configured by the network, based on a specified “toolbox”.
However, there hasn’t been much discussion on the actual event definition. The purpose of this paper is to propose and discuss different events for intra-frequency measurements.
2 Discussion
In order to support basic intra-frequency mobility and due to the fact that there is no macro-diversity in LTE, the eNB will typically only require a limited amount of events. However, specific scenarios or functionalities such as self-organizing networks, DRX, etc., may require specific events. Event definitions are proposed in the following sections, which are organized by scenario.
2.1 Basic mobility

Event 1X - Neighbor cell quality enters reporting range (compared with serving cell)
When a certain cell quality becomes better than the serving cell’s by a configurable delta (i.e. hysteresis), basic inter-cell mobility is usually triggered in order to avoid radio link failure resulting in loss of performance. The triggering condition would naturally be similar to other technologies:
Target cell quality + Offsettarget ≥ serving cell quality + hysteresis + Offsetserving
Also, since the eNB may not always be able to treat a measurement report for an event 1X (e.g. due to an ongoing reconfiguration), it should be allowed to configure periodic reporting so that the UE would continue reporting after the event was triggered (for a configurable period and amount of repetitions). Of course, periodic reporting should be stopped if the triggering condition is no longer met or if a handover command was received by the UE. 
To specifically deal with the case when the eNB cannot treat a measurement report because a reconfiguration is ongoing, UE could piggyback an updated measurement report in the reconfiguration complete message (i.e. RRC Connection Modification Complete). This would give the eNB the latest picture when the reconfiguration is completed. Moreover this could be used for early mobility during radio bearer establishment.
If multiple cells trigger the event during a certain period, the eNB may benefit from knowing it (e.g. to better select the target cell, or to perform multiple eNB preparation). Thus it is proposed that the UE includes all cells that triggered the event in the measurement report and rank them based on the measurement quantity. In case of event-triggered periodic reporting, UE should update the list of cells and ranking after each repetition.
Finally, as in UTRAN, eNB should have the ability to request the UE to report measurements made on other cells (i.e. “cells for measurement” IE) that didn’t trigger the events.
Recap: 

· Event: Neighbor cell quality enters reporting range (compared with serving cell)
· Parameters:

· Hysteresis

· Time-to-trigger

· Cell individual offset

· Period

· Maximum amount of repetitions

· If multiple cells trigger the event, UE should rank cells in the measurement report

· eNB can configure the UE to piggyback a measurement report in RRC Connection Modification Complete message (if the event was previously triggered).
· eNB can request ‘cells for measurements’
Event 1Y - Serving cell goes below an absolute threshold

Triggering a measurement report when the serving cell goes below a configurable threshold can serve many purposes. As indicated in [2], this could be used to trigger periodic reporting which may be beneficial in certain scenarios. Also, this can be used to trigger the activation of inter-frequency / inter-RAT measurements by the eNB. 
The triggering condition would be: 

Serving cell quality + offset ≤ threshold - hysteresis

As for the previous event, the eNB should have the possibility of configuring periodic reporting once the event was triggered. If the serving cell does not trigger the event anymore, periodic reporting shall be stopped.
Piggybacking of the event reporting into the RRC Connection Modification complete could be allowed also for this event, although it is not seen as important.

Recap: 

· Event: Serving cell goes below an absolute threshold
· Parameters:

· Hysteresis

· Time-to-trigger

· Threshold

· Cell individual offset

· Period

· Maximum amount of repetitions
· If multiple cells trigger the event, UE should rank cells in the measurement report

· eNB can configure the UE to piggyback a measurement report in RRC Connection Modification Complete message (if the event was previously triggered).
· eNB can request ‘cells for measurements’
Event 1Z - Neighbor cell goes above an absolute threshold

This event may be used for basic mobility in specific scenarios. It could also be used for other internal eUTRAN purposes, e.g. self-optimization, or an an input to interference coordination algorithms. 
The triggering condition would be:

Target cell quality + offset ≥ threshold + hysteresis

As for the above events, the eNB should have the possibility of configuring periodic reporting once the event was triggered. If the neighbor cell does not trigger the event anymore, periodic reporting shall be stopped.

Recap: 

· Event: neighbor cell goes above an absolute threshold
· Parameters:

· Hysteresis

· Time-to-trigger

· Threshold

· Cell individual offset

· Period

· Maximum amount of repetitions

· If multiple cells trigger the event, UE should rank cells in the measurement report

· eNB can configure the UE to piggyback a measurement report in RRC Connection Modification Complete message (if the event was previously triggered).
· eNB can request ‘cells for measurements’
2.2 Avoiding radio link failure
In order to better deal with radio link failures, RAN2 has discussed the possibility of multiple eNB HO preparation. RAN3 will also be discussing this topic in their next meeting. When an operator is aware that radio link failures occur frequently for a certain cell, it may want to adjust certain mobility-related parameters to deal with the situation. Although the cell individual offset allows some flexibility on a per cell basis, it only allows for changing the dB-domain threshold. In some scenarios, it might be beneficial to also have flexibility in the time domain, i.e. in order to be able to trigger the measurement more rapidly for some neighbor cells compared to others.
In addition, one reason for which radio link failure can occur is high UE speed, preventing the mobility procedure to properly take place before radio link failure occurs. This could be solved by having, similar to idle mode mobility, a speed-dependent scaling factor to adjust the time-to-trigger.

Proposal:  discuss the possibility of making the parameter ‘time-to-trigger’ cell specific and using a speed-dependent scaling factor for ‘time-to-trigger’
2.3 Ranking of cells to measure

Currently, the basic assumption is that the eNB does not have to give a list of neighbor cells the UE has to measure. Consequently, UE must autonomously detect neighbor cells and perform measurements. Performing neighbor cell detection and performing measurements may take time, and UE may not always have the appropriate information to make the measurements in the best order.
When the serving cell quality worsens rapidly, this may lead to radio link failure. However, if the eNB was allowed to provide a list of ‘favored’ cells the UE should measure, this situation would likely arise less often since the UE would not lose time ranking cells and/or making measurements on cells that are unlikely to lead to a mobility event. This could be associated to the ‘serving cell goes below an absolute threshold’ event described above, i.e. the eNB configures the list of ‘favored’ intra-frequency cells the UE should focus on when that event is triggered.

Proposal:  allow the eNB to provide the UE with a list of ‘favored’ cells the UE would focus on. This could possibily be associated only to the event referenced as 1Y above
3 Proposal
1. The following is proposed in this contribution:Three events for intra-frequency event-triggered reporting:

· Neighbor cell quality enters reporting range (compared with serving cell)
· Serving cell goes below an absolute threshold
· neighbor cell goes above an absolute threshold
2. The following parameters for event-triggered measurement configuration:

· Hysteresis

· Time-to-trigger

· Threshold (only for events refered to as 1Y and 1Z above)

· Cell individual offset

· Period

· Maximum amount of repetitions
3. If multiple cells trigger the event, UE should rank cells in the measurement report
4. eNB can configure the UE to piggyback a measurement report in RRC Connection Modification Complete message (if the event was previously triggered).

5. eNB can request ‘cells for measurements’

6. To discuss the possibility of making the parameter ‘time-to-trigger’ cell specific and using a speed-dependent scaling factor for ‘time-to-trigger’
7. Allow the eNB to provide the UE with a list of ‘favored’ cells the UE would focus on. This could possibily be associated only to the event referenced as 1Y above
4 Conclusion

In this paper we have made multiple proposals related to intra-frequency event-triggered measurement configuration. RAN2 is requested to discuss each proposal and agree when appropriate.
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