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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 discussed downlink measurements when beamforming is introduced, and propose to perform measurements on multiple beams for cell evaluation and measurement events.
In RAN2#96 meeting, the following agreements were made.
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

In this contribution, we provide simulation results of mobility performance, to demonstrate the benefit of considering multiple beams for NR mobility in connected mode. 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 = 2 dB, Hysteresis = 0 dB, time-to-trigger = 80ms
Handover preparation delay = 25ms, Handover execution time = 20ms
N-Best Beams: 1~3 beams
RSRP threshold for qualified beam = -90dB

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

	measurement period
	40ms

	RSRP Layer 3 filtering
	Period = 200ms (i.e., 5 samples), Coefficient (k) = 1

	Blockage
	[bookmark: _GoBack]Blockage model A in [4]

	Evaluation
	MTS 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
Following the agreements made in RAN2#96 meeting, we study the NR mobility performance of different cell quality derivation methods (Option a to d), by conducting system level simulations. The cell quality is derived after L1 filtering on each detectable beam, and then the derived value is fed into a single L3 filter.
1.1.1 Cell quality represented by best beam
With Option a, the measurement result of the best beam (with highest RSRP) is used to represent the cell quality of a cell for NR mobility procedures. We consider different TTT and blockage effect. The simulation results of mobility performance are given in the table below.
Table 2.	Performance of NR mobility based on best beam
	Blockage
	TTT
	#HoF/UE/hr
	HoF Rate
	Cell-level PP Rate
	Avg. Cell ToS

	No
	80 ms
	20
	0.99%
	12.50%
	1797ms

	
	160 ms
	30
	1.49%
	14.11%
	1811ms

	Yes
	80 ms
	34
	1.75%
	12.15%
	1885ms

	
	160 ms
	36
	1.89%
	13.49%
	1927ms



Shorter TTT means more aggressive handover triggering. Choosing shorter TTT leads to a lower HoF rate with slightly shorter cell-level ToS. When blockage model is introduced, mobility robustness is degraded due to sudden signal attenuation. As expected, HoF rate increases significantly, while PP rate decreases slightly.
Observation 1:	Choosing shorter TTT leads to a lower HoF rate and slightly shorter cell-level ToS.
Observation 2:	Blockage effect results in higher HoF rate and slightly longer cell-level ToS.
When the cell quality is represented by the best beam, the HoF rate is generally acceptable. We are interested in the reasons of HoF. In LTE, HoF reason is dominated by UE being unable to receive handover command. The reasons of HoF in NR are shown in the table below.
Table 3.	Analysis of handover failure reasons for NR mobility based on best beam
	Blockage
	HoF Reason
	TTT=80ms
	TTT=160ms

	No
	UE out-of-sync
	10%
	6.67%

	
	MR Failure 
	10%
	6.67%

	
	Handover Command Failure
	80%
	80%

	
	Handover Complete Failure
	0%
	6.67%

	Yes
	UE out-of-sync
	5.89%
	5.56%

	
	MR Failure 
	11.76%
	0%

	
	Handover Command Failure
	82.36%
	88.89%

	
	Handover Complete Failure
	0%
	5.56%



In NR, the situation is similar, handover command failure is still the major cause of HoF.
Observation 3:	The major cause of NR handover failure is the failure in handover command delivery.
1.1.2 Cell quality derived from N best beams and all detected beams
Good mobility robustness (i.e. low HoF rate) is observed when NR mobility is based only on the best beam, even blockage effect is introduced. However, the PP rate is high (> 10%), which implies “impatient” handover decisions. By considering more beams in cell quality derivation, more careful handover decisions are expected. The mobility performance results considering different numbers of beams are shown in Table 4, where Nbeam is the number of beams (with highest RSRP values) considered, and “ALL” means that all detectable beams are considered in cell quality derivation. These results correspond to Option b and c in RAN2#96 agreements.
Table 4.	NR mobility performance considering multiple beams (TTT=80ms)
	Blockage
	Nbeam
	#HoF/UE/hr
	HoF Rate
	Cell-level PP Rate
	Avg. Cell ToS

	No
	1
	20
	0.99%
	12.50%
	1797ms

	
	2
	20
	1.23%
	10.21%
	2237ms

	
	3
	20
	1.44%
	8.04%
	2627ms

	
	ALL
	32
	2.60%
	5.18%
	2999ms

	Yes
	1
	34
	1.75%
	12.15%
	1885ms

	
	2
	30
	1.82%
	9.25%
	2218ms

	
	3
	32
	2.20%
	8.45%
	2534ms

	
	ALL
	24
	1.87%
	7.14%
	2857ms



It is observed that if only the best beam 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. If one or two extra beams are considered (Nbeam = 2 or 3), we have reasonable HoF rate and PP rate (HoF < 2% and PP < 10%). This reveals a trade-off between mobility robustness and RRC signaling overhead (due to handover procedure). The network should configure the number of beams involved in cell quality derivation so as to reach a more useful (PP rate, HoF rate) combination. We have the following observation and proposals.
Observation 4:	Considering more beams in NR cell quality derivation reduces cell-level PP rate, at the cost of potentially higher HoF.
Proposal 2:	Allow cell quality derivation from multiple beams per cell for NR mobility.
Proposal 3:	The network should configure the number of beams involved in cell quality derivation so as to reach a more useful (PP rate, HoF rate) combination.
Moreover, although PP rate is low when all detectable beams are considered, the high HoF rate (> 2.5%) in non-blockage case means RRC signalling overhead and latency due to RRC reestablishment. This seems to result from a too conservative handover decision. Therefore, it is not desirable to consider all detectable beams in cell quality derivation.
Proposal 4:	It is unnecessary to consider all detectable beams in cell quality derivation.
1.1.3 Considering beams above a given threshold
The cell quality derivation methods agreed in RAN2#96 include Option d, considering “beams above a given threshold”. As discussed in [4], simply averaging the set of beams above a given threshold in each cell may lead to unfair comparison. We proposed “auxiliary measurement event” A3a in [4]. With event A3a, an event-driven measurement report is triggered if the neighbor cell is offset better than serving cell (i.e. A3 event), plus that the neighbor cell has more qualified beams than the serving cell. With a threshold of -80 dB, the mobility performance results are shown in table below.
Table 5.	NR mobility performance considering qualified beams (Nbeam=3, TTT=80ms)
	Blockage
	Event
	#HoF/UE/hr
	HoF Rate
	Cell-level PP Rate
	Avg. Cell ToS (ms)

	No
	A3
	20
	1.44%
	8.04%
	2627ms

	
	A3a
	18
	1.23%
	9.31%
	2495ms

	Yes
	A3
	32
	2.20%
	8.45%
	2534ms

	
	A3a
	28
	1.80%
	9.69%
	2355ms



The simulation results show that even the number of qualified beams is considered in measurement events, the trade-off between mobility robustness and stability still exists: the HoF is reduced at the cost of slightly increased PP rate. However, such an additional mechanism does allow the network to explore different operation points for UE mobility. Moreover, number of qualified beams may be useful in network with cells consisting of multiple TRPs.
Observation 5:	Considering number of beams above a given threshold in measurement events allows the network to explore different operation point for UE mobility.
Proposal 5:	Introduce auxiliary measurement events which take into account number of beams above a given threshold.
Conclusion
Through system level simulations, we have the following observations.
Observation 1:	Choosing shorter TTT leads to a lower HoF rate and slightly shorter cell-level ToS.
Observation 2:	Blockage effect results in higher HoF rate and slightly longer cell-level ToS.
Observation 3:	The major cause of NR handover failure is the failure in handover command delivery.
Observation 4:	Considering more beams in NR cell quality derivation reduces cell-level PP rate, at the cost of potentially higher HoF.
Observation 5:	Considering number of beams above a given threshold in measurement events allows the network to explore different operation point for UE mobility.
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:	Allow cell quality derivation from multiple beams per cell for NR mobility.
Proposal 3:	The network should configure the number of beams involved in cell quality derivation so as to reach a more useful (PP rate, HoF rate) combination.
Proposal 4:	It is unnecessary to consider all detectable beams in cell quality derivation.
Proposal 5:	Introduce auxiliary measurement events which take into account number of beams above a given threshold.
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