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[bookmark: _Ref178064866]At RAN#71, a new study item [1] was approved to develop an NR access technology to meet a broad range of use cases and requirements for the next generation. One of the objectives is to support frequency ranges up to 100 GHz [2]. In High Frequency (HF)-NR systems, beamforming is a key enabling technology to compensate the propagation loss through high antenna gain. However, beamforming also limits the coverage of transmitted signals. As a consequence, mobility procedures need to be reconsidered when beamforming is introduced. In this contribution, we discuss the mobility procedures in NR systems, including measurement, handover decision, and measurement events.
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Downlink measurement on multiple beams
In NR networks, each cell can transmit multiple beams (simultaneously or via beam sweeping), and a UE may sense multiple beams in each time slot or beam-sweeping period. More precisely, the statement of “UE sense a beam” means that a beam has signal strength above some threshold. Consider a NR network with 21 cells each with 8 common beams, the following figures show some statistics of beams sensed by a UE.
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	Figure 1a. Probability distribution of number of beams sensed by UE
	Figure 1b. number of cells with at least 2 qualified beams


Figure 1a shows the probability distribution of number beams (among totally 168 beams from all 21 cells) sensed by a UE. In average, UE can sense 22.7 beams, and it can detect more than 16 common beams in 80% of time slots. Figure 2 shows the number of cells (among all 21 cells) with at least 2 qualified beams seen by the UE in each time slot. In average, there are 6.34 cells with at least two qualified beams. 
Observation 1:	A UE in NR system can detect more than 16 common beam during 80% of the time. In addition, the UE can detect in average more than 6 cell with multiple qualified beams.
The results imply that a UE in NR networks shall be able to measure multiple beams from a single cell or multiple cells. The measurements of multiple beams may not be performed simultaneously. For example, if beam sweeping is performed by the eNB, UE only needs to obtain required measurement results within the pre-defined beam sweeping interval.
Proposal 1:	RAN2 to adopt the working assumption that a UE in NR network shall be able to measure multiple beams from a single cell or multiple cells.
Handover decision considering multiple beams per cell
Figure 2 shows a moving UE in a NR network, where the UE may see multiple beams from each cell. We now imagine the mobility behaviour in this network. We expect intra-cell beam switching at point [A1] and [C1], and (inter-cell) handover at point [C]. 


Figure 2.	Moving UE in NR network
The interesting part is the handover decision at point [B], between Cell 1 and Cell 2. When a UE moves along the cell border, it may show different handover behaviours, depending on the number of BS beams considered in cell evaluation.
· UE considers only the strongest beam: UE performs handover (cell change) at point [B] (Cell 1 to Cell 2, Beam(1,2) to Beam(2,1)), and soon another handover at point [B1] (Cell 2 to Cell 1, Beam(2,1) to Beam(1,1)). This results in a “Ping-Pong” effect, meaning that a UE moves back to the original serving cell after staying in the target cell for a too short period. Frequent Ping-Pong is undesired in that each handover (cell-level mobility) involves RRC message exchange and corresponding signalling overhead and interruption.
· UE considers more beams: UE does NOT perform handover at point [B], since its measurement shows that Cell 2 has only one strong beam (Beam(2,1)), while Cell 1 has two strong beams (Beam(1,1) and Beam(1,2)).Then at point [B1], UE performs intra-cell beam switching, which is usually considered as simple layer-1 procedure with low overheads.
The example shows the need of considering more than one beam in each cell for cell evaluation. Therefore, we have the following observation and proposal.
Observation 2:	Handover considering only the strongest beam might not result in the best cell change decision.
Proposal 2:	RAN2 to adopt the working assumption that a UE shall be able to consider multiple beams when evaluating cells in NR mobility procedure.
Notice that when more than one beams are involved in the mobility procedure, either evaluating a single, the mobility procedure becomes more complicated.
Proposal 3:	RAN2 to study the impact on mobility procedure of considering multiple beams in NR network.
Measurement events
1.1.1 Measurement events involving comparison of cells
The handover procedure is initiated by measurement events which involve comparison of cells (i.e. serving and neighbour cells). When multiple beams are considered in one of 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
Measurement events similar to the A3 event in LTE need to be defined when multiple beams are taken into consideration in handover procedure.
Proposal 4:	Measurement events regarding handover between two cells shall be defined for NR network.
There are many ways to compare two cells when multiple beams are considered. Before studying the detailed methods, we outline some rules of multi-beam measurement event triggering. First, 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 mmWave systems, the “offset better” rule shall be reused and applied to the best beams (with highest layer-3 filtered RSRP) of the serving and candidate neighbour cells.
Proposal 5:	The measurement event for handover in NR network still includes a triggering condition that the best beam of neighbour cell should be offset better than that of serving cell
Moreover, as shown in Figure 1, a UE shall give lower priority to a cell whose best beam is strong but other beams are weak. Therefore, we propose to introduce the concept of “qualified beam”, which means a beam with signal strength above a given threshold. The modified measurement event cannot be triggered unless the candidate neighbour cell has at least a given number of qualified beams. The number of required qualified beams can be determined adaptively, and the details can be discussed later.
Proposal 6:	The measurement event for handover in NR network includes a triggering condition that the neighbour cell must have at least a given number of qualified beams. 
Finally, the qualified beams other than the best beams may also be compared to ensure a good target. There are many way of comparison. For example, the beams may be compared one by one. We may also compare the average signal strength of qualified beams. The method may influence the mobility performance, and further study is required.
Proposal 7:	RAN2 to study the method of comparing multiple beams of serving and neighbour cells, as triggering conditions of measurement event for handover in NR network.
1.1.2 Measurement events based on absolute thresholds
Another category of measurement events (A1, A2, A4, and A5) in LTE are based on absolute thresholds (of signal strength). If a UE is able to measure more than one beam in a cell, these measurement events may be modified. For example, multiple thresholds for multiple beams and corresponding triggering conditions may be defined. Further study on this topic is required
Proposal 8:	RAN2 to study the measurement events based on absolute thresholds for NR network.
Conclusion
We have the following observations:
Observation 1:	A UE in NR system can detect more than 16 common beams during 80% of the time. In addition, the UE can detect in average more than 6 cell with multiple qualified beams.
Observation 2:	Handover considering only the strongest beam might not result in the best cell change decision.
It is proposed to discuss and decide on the following proposals:
Proposal 1: 	RAN2 to adopt the working assumption that a UE in NR network shall be able to measure multiple beams from a single cell or multiple cells.
Proposal 2:	RAN2 to adopt the working assumption that a UE shall be able to consider multiple beams when evaluating cells in NR mobility procedure.
Proposal 3:	RAN2 to study the impact on mobility procedure of considering multiple beams in NR network.
Proposal 4:	Measurement events regarding handover between two cells shall be defined for NR network.
Proposal 5:	The measurement event for handover in NR networks still includes a triggering condition that the best beam of neighbour cell should be offset better than that of serving cell
Proposal 6:	The measurement event for handover in NR network includes a triggering condition that the neighbour cell must have at least a given number of qualified beams. 
[bookmark: _GoBack]Proposal 7:	RAN2 to study the method of comparing multiple beams of serving and neighbour cells, as triggering conditions of measurement event for handover in NR network. 
Proposal 8:	RAN2 to study the measurement events based on absolute thresholds for NR network.
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