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For DL-based mobility, the handover procedure is initiated by measurement events and reporting, which involve evaluation and comparison of cells (serving and neighbour cells). When beam forming and cell quality derivation is performed in one or both cells, the comparison of two cells becomes more complicated. In RAN2#97, we made the following agreements regarding measurement reporting and measurement event design for NR.
	• Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. Actual beam result may be reported (as in LTE)
FFS whether it will be possible to report 'beam' based on idle RS (RAN1 issue)
• Measurement events can be configured for xSS and for additional RS for RRM measurement. 
• At least event A1-A6 can be configured for xSS
FSS Which events that can be configured for additional RS


Meanwhile in RAN1#88, reference signal (RS) for mobility was discussed, resulting in the following agreements.
	• At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
–FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
–FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
• 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 signalling overhead
• Detection of neighbour cell for measurement is based on NR-SS


In this contribution, we discuss RRM measurement based on different reference signals, and propose LTE-like measurement events for NR. The proposed measurement events are based on cell-level quality potentially derived from multi-beam measurements. For beam-based measurement reporting, please refer to our accompanying paper [1].
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RRM measurements based on NR-SSS and CSI-RS
According to RAN1 agreements, The RRM measurement for NR-SSS (xSS) and CSI-RS (xRS) are configured independently by the network. For example, the NR-SSS designed for synchronization may be used for baseline RRM, to discover likely handover candidate cells. Then the network can use this information to configure additional CSI-RS measurements corresponding to those candidate cells, and get more accurate measurements for handover decision. The network may configure measurement event triggers based on either or both measurements, for measurement reporting and handover decision. Considering RAN1 agreements and the potential usage explained above, we suggest supporting separate measurement and event trigger configurations on xSS and xRS for RRM measurement (similar to the idea in [2]).
Proposal 1: 	RRM measurements and event triggering conditions for NR-SSS and CSI-RS are configured independently.
Notice that there may be more reference signal (e.g. DM-RS in PBCH) defined, however we focus on the confirmed ones (i.e. NR-SSS and CSI-RS).
LTE-like measurement events for NR
In LTE, measurement events A1 to A6 are defined for intra-RAT handover. In NR, LTE-like measurement event design is considered as a baseline. That is, a single value derived from multiple measurement results for each cell is used to trigger measurement report. However, some modifications are needed when multiple beams are considered. The resulting modified measurement events for NR are shown in the table below.
Table 1. Modified measurement events for NR
	Event
	Definition in LTE
	Definition in NR

	A1
	Serving cell becomes better than threshold
	Quality derived from N best beams of serving cell becomes better than threshold

	A2
	Serving cell becomes worse than threshold
	Quality derived from N best beams of serving cell becomes worse than threshold

	A3
	Neighbour cell becomes offset better than PCell
	Quality derived from N best beams of neighbour cell becomes offset better than that in PCell

	A4
	Neighbour cell becomes better than threshold
	Quality derived from N best beams of neighbour cell becomes better than threshold

	A5
	Serving cell becomes worse than threshold1 and neighbour becomes better than threshold2
	Quality derived from N best beams of serving cell becomes worse than threshold1 and weighted sum of N best beams of neighbour cell becomes better than threshold2.

	A6
	Neighbour cell becomes offset better than SCell
	Quality derived from N best beams of neighbour cell becomes offset better than that of SCell.


Notice that the need of A6 event depends on the support of carrier aggregation (CA) in NR. We then have the following proposal.
Proposal 2:	For Intra-NR handover, define modified measurement events A1 to A5, corresponding to those in LTE, based on a single value derived for each cell. If CA is supported, define modified A6 event as well.
Next issue about the measurement event design is the applicability of the proposed events to the optional CSI-RS. While NR-SSS is always-on and considered as baseline for RRM measurement, CSI-RS is optional and the time-frequency pattern may vary for different cells. Nonetheless, the UE knows the CSI-RS patterns of cells to be measured, as long as it receives proper configurations.
Proposal 3:	The proposed modified measurement events are applicable to RRM based on both NR-SSS and CSI-RS.
As discussed before, independent configurations are supported, and therefore the same event for NR-SSS and CSI-RS may be triggered independently with different parameters (e.g. offset in A3 event).
Proposal 4:	The same measurement event may be triggered independently based on NR-SSS and CSI-RS with different parameters.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1: 	RRM measurements and event triggering conditions for NR-SSS and CSI-RS are configured independently.
Proposal 2:	For Intra-NR handover, define modified measurement events A1 to A5, corresponding to those in LTE, based on a single value derived for each cell. If CA is supported, define modified A6 event as well.
Proposal 3:	The proposed modified measurement events are applicable to RRM based on both NR-SSS and CSI-RS.
Proposal 4:	The same measurement event may be triggered independently based on NR-SSS and CSI-RS with different parameters.
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