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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. In [3], we discuss downlink measurements when beamforming is introduced, and propose to perform measurements on multiple beams for cell evaluation and measurement events. In this contribution, we provide preliminary simulation results to demonstrate the benefit of considering multiple beams for NR mobility with beamforming. For simplicity, we consider only intra-RAT mobility at this stage.
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The mobility performance is usually evaluated in terms of handover failure (HoF) rate and Ping-Pong (PP) rate. Handover failure usually results from belated handover decision, and triggers RRC re-establishment. On the other hand, more aggressive handover decision leads to shorter time-of-stay (ToS) in a cell. When UE handovers back to the previous serving cell with ToS shorter than a given threshold, a PP event is recorded. Both HoF and PP events bring negative effects of increased signaling overhead and service interruption.
Simulation Settings
The following simulation parameters are used in this paper.
Table 1.	Simulation assumptions
	Category
	Values

	Network scenario
	7 eNB, 3 sector/eNB, ISD = 200m, UE speed = 30 km/h

	Radio Link Monitor
	Qout = -8 dB, Qin = -6dB, T310 = 1s, N310=1

	Cell-level Handover
	A3 event with A3 offset = 1 dB, Hysteresis = 0 dB, time-to-trigger = 80ms
Handover preparation delay = 25ms, Handover execution time = 20ms
N-Best Beams: 1~4 beams
RSRP threshold for qualified beam = -90dB

	BS Beam Switching
	Hysteresis = 0.5 dB, Beam switching delay = 0ms

	RSRP Layer 3 filtering
	Period = 80ms, Coefficient (k) = 1

	Evaluation
	ToS threshold (for Ping-Pong): 400ms



Although precise calibration is usually not required for RAN2, common simulation assumptions can help the mobility performance study.
Proposal 1:	For NR mobility performance study, RAN2 shall define common simulation setup on basic deployment and parameters.
Simulation Results
[bookmark: _GoBack]To show the effect of measuring multiple beams on mobility performance, we conduct a preliminary system level simulation. For different number of beams (Nb) considered, the simulation results of are given in the table below.
Table 2.	Mobility performance
	Nb
	HoF Rate
	Cell-level PP Rate
	Avg. Cell-level ToS

	1
	1.44%
	13.31%
	1746ms

	2
	1.63%
	11.25%
	1989ms

	3
	1.84%
	9.36%
	2243ms



It is observed that if only one beam (with highest RSRP at point C) is considered in handover decision for each cell, the HoF rate is low, but PP rate is too high. When more beams are considered in cell evaluation, PP rate is significantly reduced (with corresponding cell-level ToS increase), while HoF rate rises slightly. When two extra beams are considered (Nb = 3), we have reasonable HoF rate and PP rate. There is a tradeoff between HoF and PP rates, and considering multiple beams appears to result in a more useful (PP rate, HoF rate) combination.
Observation 1:	Considering multiple beams appears to result in a more useful (Ping-Pong rate, handover failure rate) combination.
When multiple beams are to be considered in handover decision, one concern is the increased measurements and power consumption. Therefore, the measurement events should allow the number of considered beams to be determined adaptively.
Proposal 2:	RAN2 to study the measurement events in which the number of considered beams can be determined adaptively.
Conclusion
We have the following observations:
Observation 1:	Considering multiple beams appears to result in a more useful (Ping-Pong rate, Handover failure rate) combination.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For NR mobility performance study, RAN2 shall define common simulation setup on basic deployment and parameters.
Proposal 2:	RAN2 to study the measurement events in which the number of considered beams can be determined adaptively.
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