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1. Introduction
From RAN2#97bis, it has been agreed to study the conditional handover in NR as follows :
Agreements
=>	We will progress the basic HO mechanism for NR and when stable we can discuss whether to support conditional handover and discuss other potential optimisations.

And in RAN2#97, there was also a discussion on this and got the agreement for the continuation of the discussion as following: 
	Agreement 
'Conditional' handover can continue to be discussed within the WI phase



Even though in the design perspective there would be no concrete agreement soon since baseline HO mechanism for NR is not completed, still discussion can be possible to get common sense on the conditional handover. For obtaining this, we show different aspect of the signalling overhead and HOF rate in comparison with LTE case. 
2. Basic call flow and events used therein

The motivation of the conditional HO is mainly for overcoming the fast link drop which consequently incurs unsuccessful transmission of Measurement Report from UE or Handover command from serving eNB, respectively. The result of the unsuccessful transmission of MR and HO CMD is that UE should go through the RLF recovery procedure. The possible solution can be thought of direct handover to the possible target cell without any delay and for this, there must be a procedure to get those target cells a priori.
The following figure 1 is the basic call flow. The Phase 1 is running continuously until Phase 2 is triggered. Once Phase 2 is triggered, UE might go to the target cell and get configured newly again. 



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. 
Observation1. Absolute value based measurement event has more room to control the MR and network signalling overhead than the relative value based event. 
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. 
To check the handover failure rate, we vary the threshold of A4 event for Phase 1. 

3. Simulation environment 
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]. The details of simulation parameters are shown in Annex A.
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Figure 2 19-cell and 3-sector with wrap-around deployment scenario for HF-NR


4. Simulation results and discussion
The following table summarizes the result. 
	Case 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

	Case 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 the case where LTE algorithm is used for HF channel model. LTE algorithm in HF channel model 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 [1]. 
Observation2. HFR (handover failure rate) on using conditional HO in HF could be lower than that of using LTE algorithm in HF. 

The other basic observation is that the lower A4 threshold is, the lower HFR is, and the higher the MR overhead. Since lower A4 threshold makes more candidate cells prepared, and for this, the MR would be needed.
Observation3. By controlling A4 threshold, HFR and MR signalling overhead could be changed significantly. 
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.
Observation4. The hybrid of A3 and A5 enhances the HO performance compared with that only A5 is solely used.
There could be additional ways to reduce the signalling overhead and enhance HFR more. At least, conditional HO has the possibility to improve the HF NR mobility performance. Since other LTE mobility enhancements such as RACHless and MBB are in the LTE baseline, they inherit the pros and cons of LTE mobility. Currently the only possible candidate of HF NR mobility enhancement is conditional HO. 
Proposal 1. RAN2 should consider and reflect the above observations to discuss the conditional HO design.

3. Conclusion 
Observation1. Absolute value based measurement event has more room to control the MR and network signalling overhead than the relative value based event. 
Observation2. HFR (handover failure rate) on using conditional HO in HF could be lower than that of using LTE algorithm in HF. 
Observation3. By controlling A4 threshold, HFR and MR signalling overhead could be changed significantly. 
Observation4. The hybrid of A3 and A5 enhances the HO performance compared with that only A5 is solely used.
Proposal 1. RAN2 should consider and reflect the above observations to discuss the conditional HO design.
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Annex A: Simulation Parameters
	Parameter
	HF-NR

	
	Value
	Ref.

	Carrier frequency
	28 GHz
	-

	Bandwidth
	1 GHz
	[6]

	ISD
	200m
	[6]

	Number of sectors
	3
	[6]

	Path Loss
	53.23 + 35.3 log10(R)
	[5]

	Shadowing Standard Deviation
	7.82 dB
	[5]

	Penetration Loss
	27.88 + N(0, σ) dB
	[5]

	BS TX Power
	33 dBm
	[6]

	UE TX Power
	23 dBm
	[6]

	BS Antenna Gain 
	24 dBi 
	[6]

	BS Antenna Element Gain
	8 dBi
	[6]

	UE Antenna Gain
	15 dBi
	[6]

	BS Antenna Height
	10m
	[6]

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