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Introduction
In LTE, the UE can be provided with event triggered reporting criterion wherein the reporting configuration indicates what type of event (A1-A6, B1-B2, C1-C2, W1-W3, V1-V2) is configured and also at what criterion shall the UE send the measurement report to the serving cell.  The measurement quantity to be used for measurement report triggering can be RSRP or RSRQ for A1-A6, B1-B2, C1-C2 and V1-V2 events and in addition of SINR for C1-C2 events.
However, when the handover, SCell addition or load balancing decisions are taken with the help of more than one measurement report, with each of the measurement report having a different trigger quantity, the UE is burdened with multiple measurement IDs (measIDs) for each of the triggering quantity. This can be limiting as the UE supports a limited set of measIDs.  In this contribution, we provide more explanations about the scenario and benefits of configuring multiple trigger quantities.
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc502931795][bookmark: _Toc502953338]Event triggering conditions 
In LTE, the network is limited to select one trigger quantity (e.g. RSRP or RSRQ) per event in the reportConfig. 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 (at least two measurement reports) measurement reports being triggered from the UE before the respective action can be taken by the network. 
This is further explained in the figure below which shows the measurement report configuration. 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 (this periodic transmission of the updated report can be turned off with the help of reportInterval setting in the reportConfig however the UE has to send at least two measurement reports, one at T1 and the other at T2). 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: _Toc525212320][bookmark: _Toc525280709][bookmark: _Toc525662045][bookmark: _Toc525662084][bookmark: _Toc525733044][bookmark: _Toc525733588][bookmark: _Hlk490233163]In LTE, the network is limited to configure a single trigger quantity (RSRP or RSRQ) per reportConfig which may lead to more measurement reports being triggered by the UE.
[bookmark: _Toc502953080][bookmark: _Toc502953145][bookmark: _Toc502953250][bookmark: _Toc502953524][bookmark: _Toc503171538][bookmark: _Toc525212321][bookmark: _Toc525280710][bookmark: _Toc525662046][bookmark: _Toc525662085][bookmark: _Toc525733045][bookmark: _Toc525733589]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: _Toc525212322][bookmark: _Toc525280711][bookmark: _Toc525662047][bookmark: _Toc525662086][bookmark: _Toc525733046][bookmark: _Toc525733590]Addition of new triggering conditions based on the existing measurement quantities will not increase the measurement overhead of the UE.
[bookmark: _Hlk490232774][bookmark: _Toc502931799][bookmark: _Toc502953342][bookmark: _Toc502953533][bookmark: _Toc502953577][bookmark: _Toc502953597][bookmark: _Toc503171544][bookmark: _Toc503171548][bookmark: _Toc525212324][bookmark: _Toc525282357][bookmark: _Toc525659434][bookmark: _Toc525662091][bookmark: _Toc525733053][bookmark: _Toc525733599][bookmark: _Toc527353098]The event triggering criterion can encompass more than one trigger quantity related triggering condition (e.g. RSRP and RSRQ) for event triggered reporting. 
[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. In order to decide if the coverage of a cell is ‘good’ or ‘bad’, it is beneficial to know both RSRP and RSRQ/SINR as experienced by the UE. As RSRP and RSRQ based measurement report triggering are most used in practice, it would be beneficial to have triggering criterion based on these two measurement quantities. Also, in cases when the RSRQ related measurements lack clarity due to the impact of load of the neighbor cells, it is beneficial to have RSRP and SINR based trigger quantities. 
[bookmark: _Toc525662048][bookmark: _Toc525662087][bookmark: _Toc525733047][bookmark: _Toc525733591]Knowledge of RSRP and RSRQ/SINR provides an indication as to whether the UE is ‘good’ coverage or ‘poor’ coverage.
Additionally, the lack of enough measID configurations can be overcome by including the RSRP or RSRQ and RSRP or SINR and RSRQ or SINR related triggering criterion 
[bookmark: _Toc525662049][bookmark: _Toc525662088][bookmark: _Toc525733048][bookmark: _Toc525733592]Having RSRP or RSRQ, RSRP or SINR and RSRQ or SINR based event triggers will reduce the overhead of providing multiple measIDs and thus reduce the total number of measIDs to be handled by the UE.
[bookmark: _Toc502931804][bookmark: _Toc502953347][bookmark: _Toc502953535][bookmark: _Toc502953579][bookmark: _Toc502953599][bookmark: _Toc503171546][bookmark: _Toc503171550][bookmark: _Toc525212325][bookmark: _Toc525282358][bookmark: _Toc525659435][bookmark: _Toc525662092][bookmark: _Toc525733054][bookmark: _Toc525733600][bookmark: _Toc527353099]Event trigger criterions based on at least following combination of triggering quantities is supported.
a. [bookmark: _Toc525662093][bookmark: _Toc525733055][bookmark: _Toc525733601][bookmark: _Toc527353100]RSRP and RSRQ
b. [bookmark: _Toc525662094][bookmark: _Toc525733056][bookmark: _Toc525733602][bookmark: _Toc527353101]RSRP and SINR
c. [bookmark: _Toc525662095][bookmark: _Toc525733057][bookmark: _Toc525733603][bookmark: _Toc527353102]RSRP or RSRQ
d. [bookmark: _Toc525662096][bookmark: _Toc525733058][bookmark: _Toc525733604][bookmark: _Toc527353103]RSRP or SINR
e. [bookmark: _Toc525662097][bookmark: _Toc525733059][bookmark: _Toc525733605][bookmark: _Toc527353104]RSRQ or SINR
Event A1 indicates to the network if the UE is in a coverage region better than a threshold and similarly the event A2 indicates to the network if the UE is in a coverage region poorer than a threshold. To decide whether the UEs coverage is ‘good’ or ‘bad’, it is required to know both RSRP and RSRQ/SINR values. Therefore, at least A1 and A2 events should support multiple measurement quantities based triggering criterion. The same can be said about the B1 and B2 events.
[bookmark: _Toc525662050][bookmark: _Toc525662089][bookmark: _Toc525733049][bookmark: _Toc525733593]Supporting multiple measurement quantities based triggering criterion for A1 and A2 events will aid the network to know whether the UE is in ‘good’ or ‘poor’ coverage based on a single measurement report.
[bookmark: _Toc525662051][bookmark: _Toc525662090][bookmark: _Toc525733050][bookmark: _Toc525733594]By using multiple measurement quantities for triggering in B1 and B2 events, the network could select the ‘better’ RAT for serving the UE based on a single measurement report.
Other events like A3 also benefits from having RSRP and RSRQ based measurement report triggering. When there is cell border overlap between two cells then RSRP gives a good indication of the cell that is better suited for serving the UE and when there are multiple cells have an overlapping border, the network might benefit from RSRQ/SINR based report triggering from the UE. In the case of multiple cell overlapping border locations, RSRP based reporting criterion might result in too late handovers as the amount of interference experienced by the UE is large. Therefore, A3 event also benefits from multiple measurement quantities as triggering quantity. 
[bookmark: _Toc525733051][bookmark: _Toc525733595]To have robust handovers in border scenarios having two-cell overlapping regions and multi-cell overlapping regions, the network and the UE benefits from having multiple measurement quantities based A3 event.
For the case of inter-frequency handovers, the network can use either A4 event or A5 events. The benefits related to A1 and A2 events are also applicable to A4 event i.e., it is good to know when the neighboring cell becomes better than a threshold based on both RSRP and RSRQ.
[bookmark: _Toc525733596]Identification of a better suited inter-frequency neighbor cell can be performed with the help of RSRP and RSRQ based A4 event triggering.
For the relative comparison of measurement values between serving and the inter-frequency neighbor, the benefits captured for A3 event are also applicable for A5 event. 
[bookmark: _Toc525733052][bookmark: _Toc525733597]Usage of multiple measurement quantities for A5 event triggering helps the network to take better decision in inter-frequency handover.
Lastly, A6 event aids to find the better SCells. This is a relative comparison between the already configured SCell in that frequency and the neighboring cell. By using multiple measurement quantities for the decision making, the network can benefit from obtaining a single measurement report from the UE in that frequency to take SCell change related actions.
[bookmark: _Toc525733598] SCell change operation can be performed more efficiently when the UE can compare the RSRP and RSRQ related measurement quantities before triggering an A6 event.
Based on the above observations, we propose to introduce multiple measurement quantities based triggering criterion is supported at least for A1-A6, B1 and B2 events.
[bookmark: _Toc525212326][bookmark: _Toc525282359][bookmark: _Toc525659436][bookmark: _Toc525662098][bookmark: _Toc525733060][bookmark: _Toc525733606][bookmark: _Toc527353105]Multiple measurement quantities based triggering criterion is supported at least for A1-A6, B1 and B2 events.
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 reportConfig 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.
Observation 3	Addition of new triggering conditions based on the existing measurement quantities will not increase the measurement overhead of the UE.
Observation 4	Knowledge of RSRP and RSRQ/SINR provides an indication as to whether the UE is ‘good’ coverage or ‘poor’ coverage.
Observation 5	Having RSRP or RSRQ, RSRP or SINR and RSRQ or SINR based event triggers will reduce the overhead of providing multiple measIDs and thus reduce the total number of measIDs to be handled by the UE.
Observation 6	Supporting multiple measurement quantities based triggering criterion for A1 and A2 events will aid the network to know whether the UE is in ‘good’ or ‘poor’ coverage based on a single measurement report.
Observation 7	By using multiple measurement quantities for triggering in B1 and B2 events, the network could select the ‘better’ RAT for serving the UE based on a single measurement report.
Observation 8	To have robust handovers in border scenarios having two-cell overlapping regions and multi-cell overlapping regions, the network and the UE benefits from having multiple measurement quantities based A3 event.
Observation 9	Identification of a better suited inter-frequency neighbor cell can be performed with the help of RSRP and RSRQ based A4 event triggering.
Observation 10	Usage of multiple measurement quantities for A5 event triggering helps the network to take better decision in inter-frequency handover.
Observation 11	SCell change operation can be performed more efficiently when the UE can compare the RSRP and RSRQ related measurement quantities before triggering an A6 event.

[bookmark: _Toc502953352][bookmark: _Toc502953538][bookmark: _Toc502953582]In this contribution, the following proposals were captured:
Proposal 1	The event triggering criterion can encompass more than one trigger quantity related triggering condition (e.g. RSRP and RSRQ) for event triggered reporting.
Proposal 2	Event trigger criterions based on at least following combination of triggering quantities is supported.
a.	RSRP and RSRQ
b.	RSRP and SINR
c.	RSRP or RSRQ
d.	RSRP or SINR
e.	RSRQ or SINR
Proposal 3	Multiple measurement quantities based triggering criterion is supported at least for A1-A6, B1 and B2 events.
[bookmark: _GoBack]
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