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In NR system with beam-forming, measurement results from multiple beams may be considered in RRM. In RAN2#97bis, we made the following agreements regarding measurement reporting content.
	1 In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2 UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
FFS whether it is needed for all events. 
FFS how the UE can choose the best beams. 
FFS whether quality of the beams are also reported
FFS whether the same applies for CSI-RS


While the cell quality reporting is clear, there are still some issues about individual beam reporting left FFS. In this contribution, we focus on beam-based measurement reporting for NR. We study the feasibility of reporting beam-based measurement results based on xSS and xRS. Moreover, we consider the issue of ‘beams above a threshold’ mentioned in the agreements. We first discuss the proper way of taking such information into account in RRM, and then introduce new measurement events based on it.
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Reporting of individual beam measurement
1.1.1 Reporting SS block identifier
As described in [1], the knowledge of best beams of the target cell identified by the UE can be utilized to efficiently allocate dedicated resources for contention-free random access in the target cell. The network may configure the UE to report the SS block identifiers to ‘x’ beams. However, reporting SS block identifiers not only brings signalling overhead, but also requires UE processing (e.g. decoding the identifiers), whose complexity depends on RAN1 design. Also, there may not be ‘x’ beams detectable by UE from a target cell. Therefore, we suggest that the actual number of reported SS block identifiers be determined by UE. The UE may not report any SS block identifier, even configured, due to its capability or other reasons.
Proposal 1:	The actual number of reported SS block identifiers is determined by UE.
Moreover, the main purpose of including SS block identifier in measurement report is to optimize random access in the target cell. Therefore, we suggest that SS block identifier can be included in measurement reports for measurement events involving neighbouring cells. (i.e., Events A3 to A6). For serving cell, beam-level reporting is handled by beam management process instead of RRM measurement report.
Proposal 2:	SS block identifier can be included in measurement reports for measurement events involving neighbouring cells.
1.1.2 Reporting individual beam quality
Although handover decision can be made based on cell level quality, reporting individual beam quality allows the serving gNB to do better handover decision and beam assignment for contention-free random access in target gNB. Therefore, we propose to include individual beam quality in measurement report according to configuration from the network.
Proposal 3:	Individual beam quality can be included in measurement report.
Measurement event considering number of ‘good’ beams
For NR mobility, in addition to the cell quality derived from averaged beam quality, the number of ‘good’ beams may be considered in handover decision. For example, a UE may deprioritize a cell with only one good beam, unless this beam is very strong. Such information can be utilized in different ways. The UE may report the number of ‘good’ beams of serving and candidate cells for the network to make handover decision.
Proposal 4:	The number of ‘good’ beams can be included in measurement report.
Alternatively, the number of ‘good’ beams may be considered as a part of measurement events. For example, in addition to the condition that the target cell quality is offset better than that of the serving cell (event A3), we may introduce an ‘auxiliary’ event (A3a), which states that the target cell for handover must have at least the same number of ‘good’ beams as the serving cell.
When auxiliary measurement event is configured, the parameters for main event may be different from that when only main event is configured. Continuing with the A3/A3a example, when A3a event is configured together with A3 event, a lower cell quality offset may be used for A3 event. Then a measurement report is triggered when either (1) neighbouring cell is (smaller) offset better than serving cell and has at least the same number of ‘good’ beams than serving cell, or (2) neighbouring cell is (larger) offset better than serving cell but has less ‘good’ beams than serving cell. 
As illustrated in the figure below, the introduction of auxiliary event increases the tendency of UE selecting a cell with multiple good beams (left) to mitigate Ping-Pong effect, but it also allows the UE to select a cell with fewer but strong beam(s) (right).


Figure 1.	Neighbouring cell with multiple good beams (left) and neighbouring cell with one strong beam (right). Both cells can be candidates.
Similar idea applies to other measurement events, too. We propose to introduce auxiliary events A1a to A6a (corresponding to major events A1 to A6), addressing the number of ‘good’ beams in serving and neighbouring cells, as shown in the table below.
Table 1. Auxiliary measurement events addressing number of ‘good’ beams
	Event
	Definition

	A1a
	Number of ‘good’ beams in serving cell is at least a preconfigured value.

	A2a
	Number of ‘good’ beams in serving cell is less than a preconfigured value.

	A3a
	Number of ‘good’ beams in neighbour cell is at least the same as that in PCell.

	A4a
	Number of ‘good’ beams in neighbour cell is at least a preconfigured value.

	A5a
	Number of ‘good’ beams in serving cell is less than a preconfigured value1 and number of qualified beams in neighbour cell is at least a preconfigured value2.

	A6a
	Number of ‘good’ beams in neighbour cell is at least the same as that in SCell.


Proposal 5:	Introduce auxiliary measurement events A1a to A6a, addressing the numbers of ‘good’ beams in serving and neighbour cells.
Proposal 6:	When auxiliary event is configured, different RRM parameters for main event may be used.
[bookmark: _GoBack]The idea of adjusting RRM parameters based on the number of ‘good’ beams was also mentioned in [2] [3]. The “auxiliary event” proposal is just a more formal modelling, and we believe that it is easier to be captured in the specification.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	The actual number of reported SS block identifiers is determined by UE.
Proposal 2:	SS block identifier can be included in measurement reports for measurement events involving neighbouring cells.
Proposal 3:	Individual beam quality can be included in measurement report.
Proposal 4:	The number of ‘good’ beams can be included in measurement report.
Proposal 5:	Introduce auxiliary measurement events A1a to A6a, addressing the numbers of ‘good’ beams in serving and neighbour cells.
Proposal 6:	When auxiliary event is configured, different RRM parameters for main event may be used.
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