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[bookmark: _Ref178064866]In RAN2#95bis meeting, we made the following agreements regarding DL-based NR mobility in RRC_CONNECTED mode.
	Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:
1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
- FFS: whether UE report individual and/or combined quality of multiple beams
2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
- FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
- FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
- FFS how the cell in connected relates to the cell in idle
3. Study how to derive a cell quality based on measurements from individual beams
4. In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
- FFS whether there may be cases that do require RRC involvement.
5. UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)



According to the agreements, it is clear that the measurement results from multiple beams should be taken into account for handover decision in RRC_CONNECTED mode. Then the major issue is how to derive cell quality, and make handover decisions, based on measurements from individual beams. In this contribution, we discuss the possible options of combining multiple measurement results for DL-based mobility procedures in NR systems.
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Measurement model
During last RAN2 meeting, it has been agreed that for connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected. More precisely, the term “detected” means that a beam has signal strength above some threshold. 
In a typical LTE measurement model, there are layer-1 filtering to smooth out fast fading, and layer-3 to provide short-term averaged cell quality. In NR, we expect that a measurement model with both layer-1 and layer-3 filters will be adopted. However, when measurements are performed on multiple beams, there will be multiple inputs at point A with each input corresponding to the measurement samples of one beam to the physical layer. When measurement results on multiple beams are available, one additional step is introduced in the measurement model, so as to combine multiple beam measurement results and derive a single indicator of cell evaluation is needed. For simplicity, the module is referred to as “consolidation”. 
Proposal 1:	Consolidation of multiple measurement results should be included in the measurement model of NR. 
Consider the LTE measurement model, there are different options to introduce consolidation on multiple measurement results, as shown below.
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Figure 1.	Measurement model in LTE (36.300) with different consolidation options
Option 1: Consolidation in PHY with layer-1 filtering
With this option, the consolidation is performed before layer-1 filtering, and only one layer-1 filtering is required. Since layer-1 filtering is implementation dependant, how the measurements are executed, how to perform consolidation and generate inputs A as well as layer-1 filtering in the physical layer will not be left to implementation. There is only one measurement reported by layer-1 to layer-3 after layer-1 filtering, which means different beams will be not visible to RRC.  So the current measurement model can be reused. 
Considering the fact that layer-1 filtering on each beam is unavoidable to generate the CSI information for beam management, whether this option is feasible should be verified by RAN1. 
Option 2: Consolidation after layer-1 filtering on each beam 
In this way, the consolidation is performed after layer-1 filtering, which is also handled by PHY. So there will be only one input (at point B) to a single layer-3 filter, and the output can be used to trigger measurement event as in current LTE. For example, A3 event is triggered if the layer-3 filtered RSRP (which may implicitly combine the result of multiple beams) of a neighbour cell is offset better than that of the serving cell. Same as Option 1, different beams are not visible to RRC.
Option 3: Consolidation after layer-3 filtering on each beam
In this way, both layer-1 and layer-3 filtering are applied on individual beams, and there are multiple layer-3 filters, which means the different beams will be visible to RRC and beam-specific measurement result at point C is available. The consolidation after layer-3 filtering transforms raw beam-specific measurement results into cell-specific measurement results, before performing cell evaluation. Since multiple beam-specific measurement results are available, new measurement event triggering criteria based on these can be introduced.
The figure below illustrates how the three options work on measurement results from multiple beams.


Figure 2.	Consolidation of multiple measurement results
Consolidation methods for different consolidation points
The measurement consolidation method is highly related to the consolidation point. Here we give some examples.
Table 1.	Measurement consolidation methods for different consolidation points
	Consolidation point
	Method
	Description of consolidation operation and corresponding cell evaluation method

	Option 1
	Best beam
	Always choose the measurement samples with highest RSRP/RSRQ for input A, which is feed into layer-1 filtering and layer-3 filtering. The output of layer-3 filter is used for cell evaluation.

	
	N-Best – Average
	Average RSRP/RSRQ of N best beams as the measurement samples for input A, which is feed into layer-1 filtering and layer-3 filtering. 

	Option 2
	Best beam
	Always choose the beam with highest RSRP/RSRQ after layer-1 filtering (i.e. at point B) and feed into layer-3 filter. The output of layer-3 filter is used for cell evaluation.

	
	N-Best – Average
	Feed the average RSRP/RSRQ of N best beams into layer-3 filter. The beam IDs of N best beams may be different each time.

	Option 3
	Best beam
	The beam with highest RSRP/RSRQ after layer-3 filtering (i.e. at point C) is picked for each cell, and this value is used for cell evaluation

	
	N-Best –Average
	The N highest RSRP/RSRQ output values from multiple layer-3 filters are averaged, and this average value is used for cell evaluation

	
	N-Best – Per beam
	In the cell evaluation procedure, the N highest RSRP/RSRQ output values from multiple layer-3 filters are one-by-one compared with the values from another cell or a set of thresholds. The event triggering condition is satisfied if all N beams of the target cell meet the requirement (e.g. offset better than corresponding beam in serving cell or above/below corresponding threshold)

	
	Best beam & N-Best (average)
	Both the best beam RSRP/RSRQ and the average RSRP/RSRQ of N best beams are considered in cell evaluation.



For Option 3, the RRM measurement results for different beams are available, which represents the relatively long-term signal quality for each beam compared with other options. Layer 3 can take advantage of the measurement results of different beams and allow flexible cell evaluation methods. Furthermore, the determination on the “qualified beam” are more reliable, the threshold of which can be configured by the network. Since the measurement result for each beam is available, it is possible for UE to have beam-specific measurement report when it is considered benefit. For example, the beam-specific measurement report for neighbouring cell can help the random access procedure. Network can initiate random access procedure on the qualified beam reported by UE. Therefore, Option 3 is preferred over other options.
Proposal 2:	Measurement consolidation is performed after layer-3 filtering. 
Measurement event for DL-based handover
In DL-based handover, the handover procedure is initiated by measurement events which involve evaluation and comparison of cells (i.e. serving and neighbour cells). When consolidation is performed in one or both cells, the comparison of two cells becomes more complicated. Figure 3 shows a UE moving from Cell 1 to Cell 2, and seeing at most 4 beams from each cell.


Figure 3.	Handover decision with multiple beams per cell
Before discussing the details of cell evaluation and measurement events, we should first agree that measurement events considering the different consolidation methods similar to the A3 event in LTE need to be defined when multiple beams are taken into consideration in handover procedure.
Proposal 3:	Measurement events for handover between two cells considering consolidation operation shall be defined for NR network.
1.1.1 General rules for measurement event triggering conditions
Based on the discussion above, we may obtain different kind of value(s) for each cell after measurement consolidation, and there are many ways to design measurement event triggering conditions. It seems too early to discuss the detailed definition of measurement events at the stage, as we usually do this at the work item phase. But here we can still outline some rules of multi-beam measurement event triggering. 
To reduce the number of cases that a UE switches back to previous serving cell soon after handover, an offset is introduced for cell comparison in LTE handover procedure. For NR networks, this “offset better” rule shall be reused. Depending on the adopted measurement consolidation and cell evaluation methods, there may be a single or multiple offsets, and the offset(s) can be applied to the best beams (of the serving and candidate neighbour cells), to the N best beams (average or per beam), and so on.
Proposal 4:	The “offset better” rule is included in the measurement event triggering condition for handover in NR network. The number and usage of offsets rely on the consolidation method adopted.
[bookmark: _GoBack]Moreover, as discussed in [2], a UE may want to down-prioritize a cell whose best beam is strong but other beams are weak. We propose to introduce the concept of “qualified beam”, which means a beam with signal strength above a given threshold. The number of qualified beams may be considered in measurement event triggering conditions in different ways. For example, the trigger condition may state that the target cell must have a given number of qualified beams. Alternatively, the number of qualified beams in serving cell may be used to determine the ‘N’ value in an N-Best cell evaluation methods.
Proposal 5:	The number of qualified beams in serving or target cell may be taken into account when designing the measurement event triggering conditions.
To sum up, for handover between cells with multiple beams, there are different cell evaluation method. The design of measurement event triggering conditions may influence the mobility performance, and further study is required.
Proposal 6:	RAN2 to study the consolidation methods and measurement event triggering conditions for handover in NR networks.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:     Consolidation of multiple measurement results should be included in the measurement model of NR. 
Proposal 2:     Measurement consolidation is performed after layer-3 filtering. 
Proposal 3:	Measurement events for handover between two cells considering consolidation operation shall be defined for NR network.
Proposal 4:	The “offset better” rule is included in the measurement event triggering condition for handover in NR network. The number and usage of offsets rely on the consolidation method adopted.
Proposal 5:     The number of qualified beams in serving or target cell may be taken into account when designing the measurement event triggering conditions.
Proposal 6:      RAN2 to study the consolidation methods and measurement event triggering conditions for handover in NR networks.
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