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1. Introduction
RAN plenary agreed the new WID on NR mobility enhancement, and one of solutions on the table is a conditional handover. This is mainly for enhancing handover robustness. 
Now even further mobility enhancement in E-UTRAN (LTE feMob) WID has started the discussion on the conditional handover for LTE case. Even though the details on the procedure are not determined yet, it is believed that there is a common sense on basic operation on conditional handover (CHO). One of issues to be solved therein, and also has to be solved in NR too, is that how many cells should be considered for the multiple candidate target cells configuration. RAN2#104 has agreed the following:
Agreements
1	Support configuration of one or more candidate cells for conditional handover.
=>	FFS how many candidate cells (UE and network impacts should be clarified).
In this paper, we discuss the NR specific aspects in terms of number of target cells and used event for network based CHO resource deconfiguration. 
For obtaining this, we show different aspects of the signalling overhead and handover failure rate (HFR) in comparison with LTE case. 
2. Basic operation and events used in the simulation 
The following figure 1 is the basic call flow. Even with this baseline operation, there could be two types of CHO resource management: the network based CHO deconfiguration and timer-based CHO deconfiguration. [8]. 
We adopt the network controlled deconfiguration of CHO resource in this simulation, i.e., the Phase 1 is running continuously to update the target cell list until Phase 2 is triggered. Once Phase 2 is triggered, UE might go to the target cell and the target cell list gets configured newly again. 
Simulation Assumption 1. Use the network based deconfiguration for CHO resource for representing the baseline operation.



Figure 1Basic call flow of conditional HO
We need two kinds of events for each phase. Phase 1 is for maintaining candidate target cell list while Phase 2 is for actual HO execution. For this experiment, we adopt A4 and A5 for each event respectively. 
For Phase 1, the measurement report triggering event for adding candidate target cells is A4 of which entering condition is neighbour cell is greater than a given signal quality (absolute value). The measurement report triggering event for removing a cell from candidate target cells is the operation based on A4 reportOnLeave configuration, i.e., once those triggered target cell is leaving after TTT, UE triggers to send MR.
The basic idea behind adopting absolute value based event for collecting candidate target cells is to reduce MR overhead by controlling the target cell link quality level without the consideration of the serving cell’s link quality, since if adopting relative value based event i.e., A3 we cannot control the number of MRs. In detail, once the serving cell link quality drops the almost every neighbour cell will be triggered for A3 (even there might be some delays among triggering) and there is no room to control the MR overhead. By configuring high threshold for A4, MR overhead must be decreased while low threshold would make increasing MR overhead. 
For Phase 2, the HO execution event is A5 in our simulation setup. A5 event is triggered when serving cell link quality is less than given threshold and neighbour cell link quality is greater than another given threshold. And we also consider the situation where A3 and A5 are applied for Phase 2 event simultaneously for comparing the performance. Note that the target cell is one of the candidate target cells, i.e., one of the candidate target cells meets A3 or A5, then UE would execute conditional handover. 
Simulation Assumptions 2. A4 is used for Phase 1 event and A3/5 is used for Phase 2 event.

3. Simulation results and observations 
Regarding above observation 1, we showed the simulation results last RAN2#98 [1]. And the following table summarizes this.
Table I. A5 (serving cell threshold: -87 dBm, and target cell threshold: -87 dBm) for Phase 2 event
	
	A4 entering condition threshold

	
	-87 dBm
	-80 dBm

	Handover failure rate
	1.31 %
	7.98 %

	# of addition MR per sec
	3.47
	1.11

	# of average candidate target cells
	4.58
	3.19



Table II. A3 (offset value is 3 dB) and A5(serving cell threshold: -87 dBm, and target cell threshold: -87 dBm dB) for Phase 2 event
	
	A4 entering condition threshold

	
	-87 dBm
	-80 dBm

	Handover failure rate
	0.58 %
	3.69 %

	# of addition MR per sec
	4.5
	1.78

	# of average candidate target cells
	5.45
	3.67



First of all, HFR (handover failure rate), the most important metric in HF mobility, is significantly reduced in optimal settings compared with NR baseline HO in HF(FR2). NR baseline HO in HF shows 4.0% of HFR in the same simulation setup as this, which is very high value compared to 0.1 % per LTE algorithm in LF (2GHz) channel model shown in [5]. 
Observation 1. HFR (handover failure rate) on using conditional HO in HF could be lower than 4.0% of HFR of NR baseline HO in HF. 
The other basic observation is the trade-off between the number of prepared cells and HFR. At least to be the similar level as LTE case, i.e., 0.1% of HFR, the number of prepared cells should be greater than 5.45 i.e., 6 in this simulation. 
Observation 2. To achieve the similar level of HFR as that of LTE, at least 6 of prepared cells is necessary based on this simulation setting.
One more basic observation is that there could be an increase of the signalling to maintain the required number of target candidate cells. The lower A4 threshold is filling more prepared cells in the list, and gets lower HFR. At the same time, there is more MR and its involved Xn signalling. We didn’t count the related CHO configuration (CHO command) related to the prepared cell list change in this tables. 
Observation 3. There is a trade-off relationship between HFR and Number of MR per sec, which can be jointly controlled by A4 threshold value.
Only using A5 (Case I) for Phase 2 could also reduce the HFR, however still marginal enhancement is possible by using A3 together. The reason is that using A3 can compensate the situation where candidate target cell doesn’t exist in some harsh channel condition case.
Observation 4. The hybrid of A3 and A5 enhances the HO performance compared with that only A5 is solely used.

In summary, the network based CHO configuration could be the baseline on CHO operation. However, to achieve the same level of HFR in NR, there should be at least 6 in some situation. 
Proposal 1. RAN2 should consider the following result of the simulation into the discussion for CHO in NR.
· CHO is necessary to enhance the NR baseline HO performance
· In some situation in NR, there should be at least 6 prepared cells for CHO operation to achieve the similar level of HO performance as LTE.
· The signalling overhead in network based CHO deconfiguration method i.e, MR transmissions, Xn signalling should not be ignored.
3. Conclusion 
In this contribution, the conditional HO mechanism for NR is studied in the overhead and HFR perspective. The following observations and proposal could be derived:
Observation 1. HFR (handover failure rate) on using conditional HO in HF could be lower than 4.0% of HFR of NR baseline HO in HF. 
Observation 2. To achieve the similar level of HFR as that of LTE, at least 6 of prepared cells is necessary based on this simulation setting.
Observation 3. There is a trade-off relationship between HFR and Number of MR per sec, which can be jointly controlled by A4 threshold value.
Observation 4. The hybrid of A3 and A5 enhances the HO performance compared with that only A5 is solely used.
Proposal 1. RAN2 should consider the following result of the simulation into the discussion for CHO in NR.
· CHO is necessary to enhance the NR baseline HO performance
· In some situation in NR, there should be at least 6 prepared cells for CHO operation to achieve the similar level of HO performance as LTE.
· The signalling overhead in network based CHO deconfiguration method i.e, MR transmissions, Xn signalling should not be ignored.
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Annex A: Simulation parameters and further assumptions
The following table summarizes the simulation parameter. 
	Parameter
	HF-NR

	
	Value
	Ref.

	Carrier frequency
	28 GHz
	-

	Bandwidth
	1 GHz
	[3]

	ISD
	200m
	[3]

	Number of sectors
	3
	[3]

	Path Loss
	53.23 + 35.3 log10(R)
	[2]

	Shadowing Standard Deviation
	7.82 dB
	[2]

	Penetration Loss
	27.88 + N(0, σ) dB
	[2]

	BS TX Power
	33 dBm
	[3]

	UE TX Power
	23 dBm
	[3]

	BS Antenna Gain 
	24 dBi 
	[3]

	BS Antenna Element Gain
	8 dBi
	[3]

	UE Antenna Gain
	15 dBi
	[3]

	BS Antenna Height
	10m
	[3]

	Noise Figure
	UL: 8 dB, DL : 11 dB
	-



In the simulation, 19-cell with wrap-around topology is assumed. The frequency of HF-NR cell is 28 GHz. A Urban micro scenario and 3-sector is assumed in the HF-NR. Channel parameters related to HF-NR are based on RAN1 evaluation assumptions [6][7]. The other parameters related to handover simulation are as same as current LTE evaluation methodology [2][3][4]. 
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Figure 2 19-cell and 3-sector with wrap-around deployment scenario for HF-NR
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