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	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



Furthermore, the following agreements were made in RAN2#96 for RRM measurement in connected active.
Agreements for connected active:
1: RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
a/ best beam, 
b/ N best beams, 
c/ all detected beams
d/ beams above a threshold.
Other options are not precluded

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. In this contribution, we discuss issue how to derive cell quality, design measurement events, and make handover decisions, based on measurements from individual beams, for DL-based mobility procedures in NR systems.
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Cell quality derivation
When measurement results from multiple beams are considered, the cell quality can be derived in different ways, which is related to the set of selected beams. In the table below, we show possible cell quality derivation methods for different options of selected beams listed in RAN2#96 meeting.
Table 1.	Cell quality derivation methods
	Selected beams
	Method
	Description of consolidation operation and corresponding cell quality derivation

	Best beam
	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 beams
	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.

	
	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)

	All detected beams
	All detected – average
	Feed the average RSRP/RSRQ of N best beams into layer-3 filter. The beam IDs of N best beams may vary in each update.

	Beams above a threshold
	Number of “qualified beams”
	A beams with RSRP or RSRQ above pre-configured threshold is referred to as a “qualified beam”. The number of qualified beams may be considered as a criterion for target cell selection.



The choice of cell quality derivation method may influence the measurement model, or more precisely, the point where cell quality is derived. For example, cell quality derivation may need to be done after layer-3 filtering (instead of layer-1 filtering) if measurement reporting involves beam-wise comparison, since it preserves more stable measurement results of different beams.
Proposal 1:	Determine the multi-beam measurement consolidation point in measurement model based on the choice of cell quality derivation method.
Measurement events
For DL-based mobility, the handover procedure is initiated by measurement events which involve evaluation and comparison of cells (i.e. 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 this section, we first discuss the modification of LTE measurement events, and then introduce new conditions considering the set of qualified beams.
1.1.1 Measurement events modified from LTE
In LTE, measurement events A1 to A6 are defined for intra-RAT handover. In NR, LTE measurement design can be considered as a baseline. That is, a single value derived from multiple measurement results can be adopted, based on which we can define measurement event corresponding to those in LTE. Moreover, cell quality can be derived (calculated) in different ways. In [3], weighted summation is proposed, which includes averaging as a special cases. Although weighted summation is a generalized method, it has higher complexity and signalling overhead. We believe that simple averaging works properly, and some simulation results are provided in [4].
Proposal 2:	For Intra-NR mobility in Connected Active, define measurement events A1 to A6, corresponding to those in LTE, based on a single value derived for each cell.
Proposal 3:	A UE derives the quality of a cell by averaging the quality of individual beams in a preconfigured subset of detected beams.
1.1.2 Measurement events considering qualified beams
Moreover, 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. qualified beams) may be considered in measurement event triggering conditions.
Proposal 4:	The set of beams above a given threshold may be taken into account when designing the measurement event triggering conditions.
To consider qualified beams in measurement event design, an intuitive way is to derive cell quality based on RSRP/RSRQ average over the set of qualified beams. However, this may not be a good idea. For example, assume cell A has three qualified beams and the third qualified beam has RSRP = threshold + δ, while cell B has two qualified beams and the third best beam has RSRP = threshold – δ (which is not “qualified” but still detectable). Obviously, the comparison between the two cells would be unfair if we count 3 beams in cell A and 2 beams in cell B. 
Observation 1:	Deriving cell quality by averaging the set of beams above a given threshold may lead to unfair comparison between cells.
Instead of performing RSRP/RSRQ averaging, we may consider the number of qualified beams as an additional triggering condition of measurement events. For example, the condition may state that the target cell for handover must have a preconfigured number of qualified beams. More precisely, we propose to introduces auxiliary events (A1a to A6a), which introduce additional conditions about the number of qualified beams to main events (A1 to A6). 
Proposal 5:	Introduce auxiliary measurement events A1a to A6a, addressing the numbers of qualified beams in serving and neighbour cells.
When an auxiliary measurement event is configured, its parameters may be different from that for main event. For example, when A3a event is configured, a lower RSRP offset may be used to allow more aggressive handover decision when the neighbour cell does have a number of qualified beams.
Based on the above discussions, our proposed measurement events are shown in the table below.
Table 2. Measurement events based on absolute thresholds
	Measurement events in LTE
	Measurement events in NR

	A1: Serving cell becomes better than threshold
	A1: Average of N best beams of serving cell becomes better than threshold.
A1a: A1 & Number of qualified beams in serving cell is no less than a preconfigured value.

	A2: Serving cell becomes worse than threshold
	A2: Average of N best beams of serving cell becomes worse than threshold
A2a: A2 & Number of qualified beams in serving cell is less than a preconfigured value

	A3: Neighbour cell becomes offset better than PCell
	A3: Average of N best beams of neighbour cell becomes offset better than that in PCell.
A3a: A3 & the number of qualified beams in neighbour cell is more than that in PCell.

	A4: Neighbour cell becomes better than threshold
	A4: Average of N best beams of neighbour cell becomes better than threshold.
A4a: A4 & Number of qualified beams in neighbour cell is no less than a preconfigured value.

	A5: Serving cell becomes worse than threshold1 and neighbour becomes better than threshold2
	A5: Average of N best beams of serving cell becomes worse than threshold1 and weighted sum of N best beams of neighbour cell becomes better than threshold2.
A5a: A5 & Number of qualified 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.

	A6: Neighbour cell becomes offset better than SCell
	A6: Average of N best beams of neighbour cell becomes offset better than that of SCell.
A6a: A6 & Number of qualified beams in neighbour cell is more than that in SCell.


Note that in NR measurement events, the term of “N best beams” includes both cases of “the best beam” as well as “all detected beams”. The set of beams selected from the detected beams in order to derive a cell level quality should be configured by the gNB.
Table 2 shows the concept of measurement event design for NR. In formal measurement event definitions, there are indeed more parameters such as cell-specific and frequency-specific offsets and hysteresis. Also, signalling for parameters and measurement event configurations need to be designed. We will work on these details once the proposed measurement events are agreed.
Proposal 6:	If the proposed measurement events are agreed, provide formal definitions and signalling designs for related parameters and measurement event configurations.
Conclusion
We have the following observation:
Observation 1:	Deriving cell quality by averaging the set of beams above a given threshold may lead to unfair comparison between cells.
It is proposed to discuss and decide on the following proposals:
[bookmark: _GoBack]Proposal 1:	Determine the multi-beam measurement consolidation point in measurement model based on the choice of cell quality derivation method.
Proposal 2:	For Intra-NR mobility in Connected Active, define measurement events A1 to A6, corresponding to those in LTE, based on a single value derived for each cell.
Proposal 3:	A UE derives the quality of a cell by averaging the quality of individual beams in a preconfigured set.
Proposal 4:	The set of beams above a given threshold may be taken into account when designing the measurement event triggering conditions.
Proposal 5:	Introduce auxiliary measurement events A1a to A6a, addressing the numbers of qualified beams in serving and neighbour cells.
Proposal 6:	If the proposed measurement events are agreed, provide formal definitions and signalling designs for related parameters and measurement event configurations.
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