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Introduction
In RAN1#88 NR meeting in Athens, it was agreed [1] that CSI-RS can be used for RRM measurements for mobility in RRC_CONNECTED mode.
For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
•	Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
•	Detection of neighbor cell for measurement is based on NR-SS
 
In RAN2#96 the following agreements have been made concerning measurement reports in NR for RRC_CONNECTED UEs: 
1	At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered)
FFS other events may be studied
…

In RAN2#97, further progress was made in the measurement report triggering events related area.
Agreements
1: Measurement events can be configured for xSS and for additional RS for RRM measurement. 
2:	At least event A1-A6 can be configured for xSS
FSS Which events that can be configured for additional RS

In one of the email discussion preceding the RAN2#99 meeting [2], companies expressed some concern about how the possibility of having multiple trigger quantities helps the network and how it can be used. The current DRAFT TP has the following open issue:
Editor’s Note: FFS Whether multiple quantities and be configured as trigger quantities, e.g. RSRP and RSRQ; RSRP and SINR; RSRQ and SINR; RSRP, RSRQ and SINR.  

In this contribution, we provide more explanations about the benefits of configuring multiple trigger quantities.

[bookmark: _Ref178064866]Discussion
Cell based triggering conditions
[bookmark: _Toc502931795][bookmark: _Toc502953338]In LTE, the network is limited to select one trigger quantity (e.g. RSRP or RSRQ) per event in the reportConfigNR. For example, an event A1 can be configured to detect the ‘goodness’ of a serving cell. The UE triggers the measurement report based on the event A1 when the serving cell quality becomes better than the threshold, where the serving cell quality can be based on either RSRP or RSRQ. If the network would like to know the good coverage aspects of the serving cell both in terms of RSRP and RSRQ, it is required to configure two separate A1 events, one based on RSRP and the other based on RSRQ, associated to the same measurement object. This will lead to more measurement reports being triggered from the UE. This is further explained in the figure below which shows the measurement report configuration based on the current agreements. The serving cell configures the UE with two A2 reporting configurations, one corresponding to the RSRP of the serving cell and the other corresponding to the RSRQ of the serving cell. The UE sends measurement report at time = T1 and sends the periodic transmission of the updated report until time=T2 as the UE is still in the event entered condition. Only after T2 when the UE triggers a new measurement report, because the RSRQ based reporting configuration is satisfied, the network will take action. The reports as sent by the UE shown in red colour could have been avoided if the network can configure the UE to send the measurement report only when both RSRP and RSRQ values cross certain thresholds. This additional triggering option will reduce the RRC signalling overhead, improves UE battery consumption via reduced reporting overhead, and leads to less memory and processing overhead at the network side.
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In the case of comparing the relative quality to two cells, the network is also limited to choose a given metric per event. Hence, if the network only wants to trigger a handover if both the RSRP and RSRQ of a neighbour cell becomes better than both the RSRP and RSRQ of the serving cell, the network must configure two events, which may trigger two measurement reports.
[bookmark: _Toc502953079][bookmark: _Toc502953144][bookmark: _Toc502953249][bookmark: _Toc502953523][bookmark: _Toc503171537][bookmark: _Hlk490233163]In LTE, the network is limited to configure a single trigger quantity (RSRP or RSRQ) per reportConfigNR which may lead to more measurement reports being triggered by the UE.
[bookmark: _Toc502953080][bookmark: _Toc502953145][bookmark: _Toc502953250][bookmark: _Toc502953524][bookmark: _Toc503171538]Having multiple triggerQuantity based reporting configurations would enable reducing of the RRC signalling overhead, improvement in UE battery consumption via reduced reporting overhead and less memory and processing overhead at the network side.
[bookmark: _Toc502931797][bookmark: _Toc502953340]A simple way to enable the network to take mobility decisions in an efficient manner is to possibly enable the configuration of multiple trigger quantities per event. For example, the network could configure an event A1 to only be triggered if both RSRP and RSRQ become better than a threshold.
[bookmark: _Toc502931798][bookmark: _Toc502953341]Note that this does not introduce any additional burden to the UE since the network can anyway configure two events to obtain the same information, although that would require more UE battery consumption and signalling, as more measurement reports would have to be transmitted before a handover is triggered.
[bookmark: _Hlk490232774][bookmark: _Toc502931799][bookmark: _Toc502953342][bookmark: _Toc502953533][bookmark: _Toc502953577][bookmark: _Toc502953597][bookmark: _Toc503171544][bookmark: _Toc503171548]In NR, the network should not be limited to configure only a single trigger quantity (e.g. RSRP or RSRQ only) for A1-A6 events. 
[bookmark: _Toc502953081][bookmark: _Toc502953146][bookmark: _Toc502953251]Following the same logic, RAN2 should also discuss whether the network shall be limited or not to configure a single RS type per event, where the RS type (e.g. SS Block-based or CSI-RS) would indicate the UE which RS to be used to derive cell measurement results for a given frequency. One potential benefit of such an event could be that the UE only informs the network of a new neighbour cell in a given frequency if both the cell quality of wide beams (indicated by the cell quality based on SS Block measurements) and the cell quality of narrow beams (indicated by the cell quality based on CSI-RS measurements) are better than the equivalent ones of the serving cell. Note that this would not increase the amount of measurements the UE has to perform as the network can anyway configure the UE with multiple events for different RS types for the same measurement object. In other words, allowing that kind of configurability does not increase the burden on measurements to be performed, but avoids the network configuring multiple events and the subsequent transmission of more measurement reports.
[bookmark: _Toc502931800][bookmark: _Toc502953343]As an example, the event A4 (Neighbour becomes offset better than threshold) is used mainly for the addition of SCell. In order to ensure that the neighbouring cell is sufficiently good, the network would prefer the UE to perform such SCell neighbour related measurements based on both SS Blocks and CSI-RSs. If a single RS type per event is defined, the UE has to be configured with multiple reportConfigNR; one corresponding to SS Blocks and the other corresponding to CSI-RS.
[bookmark: _Toc502931801][bookmark: _Toc502953344]The ability to include more than one RS type in the same event configuration reduces the need for the UE to trigger multiple measurement reports. As A1-A6 events are already agreed in NR, the configuration can be enhanced to include more than one RS type.
[bookmark: _Toc502931802][bookmark: _Toc502953345][bookmark: _Toc502953534][bookmark: _Toc502953578][bookmark: _Toc502953598][bookmark: _Toc503171545][bookmark: _Toc503171549]In NR, the network should not be limited to configure only a single RS type (SS Block or CSI-RS) per event type (at least A1-A6).
[bookmark: _Toc502931803][bookmark: _Toc502953346]Based on these proposals, with clear usage and benefits, RAN2 should also discuss whether all different combination of RS Type and trigger quantities should be supported and how these should be configured e.g. in reportConfigNR.
[bookmark: _Toc502931804][bookmark: _Toc502953347][bookmark: _Toc502953535][bookmark: _Toc502953579][bookmark: _Toc502953599][bookmark: _Toc503171546][bookmark: _Toc503171550]RAN2 should discuss whether all different combination of RS type and trigger quantities should be supported and how these should be configured e.g. in reportConfigNR.
Event triggering based on beam information
[bookmark: _Toc502931805][bookmark: _Toc502953348]One of the reasons RAN2 has spent so much time discussing cell quality derivation is because companies wanted a cell-based measurement result to trigger measurement events i.e. there was a common understanding that beam level results should not trigger measurement reporting. However, some companies seem to propose now that to avoid ping-pong handovers, cells with more stable / “good” beams should be prioritized. Initially, one of the reasons that companies argued to define an average of beam measurements to derive the cell quality was because it was believed that this would reduce ping-pongs. It was later clarified that averaging beams is insignificant to reduce ping-pongs as the final handover decision belongs to the network. It was then clarified that the effect of averaging can potentially be a lowering of the trigger point where an event is triggered (since averaging beams will always lower the cell quality compared to the best beam).
[bookmark: _Toc502931806][bookmark: _Toc502953349]Since we have agreed in RAN2 that beam measurements can be reported, the network has all the means to make a final decision based on the fact that some reported cells may have more or less stable beams than others, which can be used to not only resolve potential ping-pong handovers but also reduce handover failures. In addition, ping-pong handover avoidance is a sub-function of Mobility Robustness Optimization (MRO), agreed to be left out of Rel-15. Then, we propose the following:
[bookmark: _Toc502931807][bookmark: _Toc502953350][bookmark: _Toc502953536][bookmark: _Toc502953580][bookmark: _Toc502953600][bookmark: _Toc503171547][bookmark: _Toc503171551][bookmark: _Hlk490234545]In NR (at least in Rel-15) events shall not be triggered based on number of beams per cell.
Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Toc502931808][bookmark: _Toc502953351][bookmark: _Toc502953537][bookmark: _Toc502953581][bookmark: _Toc502931810][bookmark: _Hlk508794470]In this contribution, the following observations were captured:
Observation 1	In LTE, the network is limited to configure a single trigger quantity (RSRP or RSRQ) per reportConfigNR which may lead to more measurement reports being triggered by the UE.
Observation 2	Having multiple triggerQuantity based reporting configurations would enable reducing of the RRC signalling overhead, improvement in UE battery consumption via reduced reporting overhead and less memory and processing overhead at the network side.

[bookmark: _Toc502953352][bookmark: _Toc502953538][bookmark: _Toc502953582]In this contribution, the following proposals were captured:
Proposal 1	In NR, the network should not be limited to configure only a single trigger quantity (e.g. RSRP or RSRQ only) for A1-A6 events.
Proposal 2	In NR, the network should not be limited to configure only a single RS type (SS Block or CSI-RS) per event type (at least A1-A6).
Proposal 3	RAN2 should discuss whether all different combination of RS type and trigger quantities should be supported and how these should be configured e.g. in reportConfigNR.
Proposal 4	In NR (at least in Rel-15) events shall not be triggered based on number of beams per cell.
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