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In NR system with beam-forming, measurement results from multiple beams may be considered in RRM. In RAN2#97, we made the following agreements regarding measurement reporting and measurement events 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, 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


[bookmark: _GoBack]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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Reference signal for beam measurement
In this section, we discuss the possibility of performing beam-level measurement based on idle mode RS and additional RS in connected mode. While the details of RS designs are still under RAN1 discussion, we understand that there are different ways to extract ‘beam’ information from received RS.
· Pre-defined beam-sweeping pattern: Consider a gNB performing beam sweeping over SS blocks, since gNB does not switch beam within a SS block, measurements on RS in different SS blocks can be distinguished from each other, as long as pre-defined beam sweeping pattern is known to UE. For a single-TRP cell, these measurement results correspond to different beams. For a cell consisting of multiple TRPs, however, the measurement may be the aggregation of beams from different TRPs transmitted simultaneously.
· Explicit beam index in RS: Beam index may be carried in SS block. In this way, each beam can be identified even multiple TRPs transmit simultaneously.
1.1.1 Beam measurement based on NR-SSS
In RAN1 NR AH meeting (Jan. 2017), the following agreement was achieved.
	UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block


The composition details of SS block (content, number of symbols per SS block, etc.) are still under RAN1 discussion. Even so, the agreement that UE is able to identify OFDM symbol and slot indices already implies that gNB beams can be distinguished, at least for single TRP case. Therefore, we propose to support beam-level measurement reporting based on NR-SSS for single TRP cells, while the applicability to multi-TRP cells is FFS.
Proposal 1:	For single-TRP cells, support beam-level measurement reporting based on NR-SSS. The applicability to multi-TRP cells is FFS.
1.1.2 Beam measurement based on CSI-RS
Although the details of CSI-RS are still under RAN1 discussion, since it is an additional RS that can be configured in connected mode for better RRM performance, it is expected that some kind of beam index is carried by CSI-RS. As a consequence, beam-level measurement reporting based on CSI-RS should be supported for both single- and multiple-TRP cells.
Proposal 2:	Beam-level measurement reporting based on CSI-RS is supported for both single- and multi-TRP cells.
Event-driven reporting considering beams above a threshold
For NR mobility, in addition to the cell-level evaluation, a UE may want to down-prioritize a cell whose best beam is strong but other beams are weak. To achieve this, the set of beams with signal strength above a given threshold (i.e. ‘good’ beams) may be considered in measurement event triggering conditions.
Proposal 3:	The set of beams above a given threshold may be taken into account when designing the measurement report triggering conditions.
1.1.3 Measurement events considering ‘good’ beams
To consider ‘good’ beams in measurement reporting, an intuitive way is to derive cell quality by averaging or summation over the set of ‘good’ beams. However, this may lead to unfair cell evaluation. For example, assume cell A has three ‘good’ beams and the third ‘good’ beam has RSRP = threshold + δ, while cell B has two ‘good’ beams and the third best beam has RSRP = threshold – δ (which is not ‘good’ but still detectable). Obviously, the comparison between the two cells would be unfair if we count three beams in cell A but two beams in cell B. 
Observation 1:	Deriving cell quality by averaging or summation over the set of beams above a given threshold in each cell may lead to unfair cell evaluation.
Instead of performing RSRP/RSRQ averaging or summation over the set of ‘good’ beams, 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 beams above a threshold can be included in measurement report.
Alternatively, the number of ‘good’ beams may be considered as an additional triggering condition of measurement report. For example, in addition to the condition that the target cell quality is offset better than that of the serving cell (event A3), an ‘auxiliary’ measurement event may state that the target cell for handover must have a preconfigured number of ‘good’ beams. We propose to introduce auxiliary events A1a to A5a (corresponding to major events A1 to A5), as shown in the table below.
Table 1. Auxiliary measurement events considering ‘good’ beams
	Event
	Definition

	A1a
	Number of ‘good’ beams in serving cell is no less than 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 no less than that in PCell.

	A4a
	Number of ‘good’ beams in neighbour cell is no less than 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 no less than a preconfigured value2.


Proposal 5:	Introduce auxiliary measurement events A1a to A5a, addressing the numbers of qualified beams in serving and neighbour cells.
Notice that the need of event A6a (similar to A3a but it considers SCell instead of PCell) depends on the support of carrier aggregation in NR. When an auxiliary measurement event is configured, the parameters for main event may be different from that when only main event is configured. For example, when A3a event is configured together with A3 event, a lower cell quality offset may be used (for A3 event) to allow more aggressive handover decision when the neighbour cell does have a number of ‘good’ beams.
Conclusion
We have the following observation:
Observation 1:	Deriving cell quality by averaging or summation over the set of beams above a given threshold in each cell may lead to unfair cell evaluation.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For single-TRP cells, support beam-level measurement reporting based on NR-SSS. The applicability to multi-TRP cells is FFS.
Proposal 2:	Beam-level measurement reporting based on CSI-RS is supported for both single- and multi-TRP cells.
Proposal 3:	The set of beams above a given threshold may be taken into account when designing the measurement event triggering conditions.
Proposal 4:	The number of qualified beams can be included in measurement report.
Proposal 5:	Introduce auxiliary measurement events A1a to A5a, addressing the numbers of qualified beams in serving and neighbour cells.
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