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Introduction
RAN2#97 discussed based on [1] whether NR should support a “conditional handover” to improve mobility robustness and reduce the handover failure in NR. While most companies agrees that such an improvement is required but no simulation works except [2] has been presented in RAN2 in support of this. In this contribution, we submit and discuss some simulation results bolstering the claim to support conditional handover in Rel-15.  
[bookmark: _Ref178064866]Discussion
As discussed in [1], conditional handover refers to the UE being provided with handover configuration through RRCConnectionReconfiguration with mobilityControlInfo based on some events with a condition towards another event in the future. The UE in principle can start evaluating for the condition and upon satisfying, can initiate handover to the target cell without further configuration. In [2], simulation results were presented based on A4/A5 events. A simpler solution than [2] can be to use A3 events with different threshold values to trigger condtional handover and perform handover.
[bookmark: _Ref496870542][bookmark: _Toc496878873]A3 events with different threshold values can be used to trigger conditional handover command and actual handover
In the simulation, we assume that the handover will be performed based on A3 event. The conditional handover command will be based on an earlier threshold of A3 event and the handover command is available to the UE when the need for actual handover occurs. Conditional handover call flow can be found in [1]. For simplicity, we do not model the earlier event and instead provide the UE with the handover command removing any delay associated with it. As a result, the UE triggers handover event and with out any delay, receives handover command and initiates handover which is a simplistic equivalent of Observation 1. Call flow of the simulated scenario is depicted in Figure 1.
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[bookmark: _Ref498353013]Figure 1: Call flow of simulated conditional handover


Furthermore, the results of the conditional handover simulation is compared with results found from basic handover mechanism defined in TS 38.300; the latter is denoted by baseline henceforth.
Also, in previous LTE studies it was found that setting a higher threshold for A3 event reduces ping pong handover but increases RLF probability. Since the UE has handover configuration beforehand, it can trigger handover later than baseline. Which in turn refers to setting a higher threshold for A3 event evaluated tor handover.
[bookmark: _Ref496875417][bookmark: _Toc496878874]With Conditional Handover, the handover triggering A3 event threshold can be set higher than baseline.
Simulation Setup
The simulated cells are regular 3 sector hexagonal macro cells with ISD of 500m and three sectors per site. The frequency is 2GHz with bandwidth of 5MHz. The simulated deployment with wrap around is shown in Figure 1. The simulation consists outdoor UE’s randomly distributed over the simulation grid with random moving direction and a speed of 30m/s. The UEs are also assumed to be in NLOS propagation environment which is very typical in urban scenario. RLF is declared when the RSSI of the UE goes below Qout and stays below Qin for 1s. 
[image: ]For the baseline methods, A3 event threshold was set to 3 dB with a hysteresis of 2 dB and 40ms TTT. For the conditional handover, A3 threshold was set to 5 dB keeping the hysteresis and TTT value same as the baseline. Threshold for baseline handover is denoted as threshold1 and threshold for evaluating conditional handover is denotedas threshold2. Details of the simulation parameters can be found in the Annnex A.[bookmark: _Ref496874301]Figure 2: Deployment scenario for simulation

Simulation Results and Discussion
Figure 2 shows the comparison between Handover numbers between Baseline and Conditional handover from simulation. As mentioned in Observation 2, Conditional Handover is triggered at a higher threshold, hence the total number of handover attempts and Ping Pong handover is reduced.
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[bookmark: _Ref496875225][bookmark: _Ref496875536]Figure 3: Comparison of total number of Handovers during simulation



[image: ]Handover failure performance shows the most Significant improvement from Figure 3. By deploying conditional handover techniques, the HOFs can be reduced, which as mentioned in [3] is a major goal of conditional handover. An alternate representation of the metric above is also shown in Figure 4.[bookmark: _Ref498353551]Figure 4: Comparison of simulated Handover Ratios


Furthermore, we investigate the different typed of HOFs occurring during the simulation. As shown in Figure 3, most of the HOF’s occurring in Baseline scenario is due to the HO command not reaching to the UE. This situation can be avoided using conditional handover. This is expected as the HO command, in principle would be sent to the UE before the radio link have degraded that much.
[image: ]
As for the HOFs where no event was triggered, it likely refers to scenarios where the UE goes out of coverage region. The conditional handover concept doesn’t cover such scenarios and HOFs still remain. Hence from the results shown in Figure 3 and Figure 5, it can be observed that conditional handover reduces HOFs occurring in the network.[bookmark: _Ref496876596]Figure 5: Analysis of HOFs during simulation

[bookmark: _Toc496878875]Conditional Handover, if properly designed, can reduce both HOF and PingPong handovers in the system.
[image: ]Finally, we investigate the handover delays in the network. Delay has been measured from handover initiated from the network (i.e. handover command sent towards the UE) and completion of handover (i.e. reception of handover confirmation from the UE), i.e. difference between t1 and t2 in Figure 1 for conditional handover.

[bookmark: _Ref496877247]Figure 6: Comparison of Handover Delay performance

A CDF of the handover delays has been plotted in Figure 6. From the CDF, it can be concluded that the handover delays has been reduced by using conditional handover.


[bookmark: _Ref496878352]Table 1: Summary of Results
	Comparison quantity
	Baseline 
	Conditional Handover

	HO attempts/sec
	116.15
	99.9

	HO success ratio
	95%
	99.8%

	Ping Pong HO ratio
	28%
	20%

	Mean delay [s]
	0.43
	0.037



Table 1 summarizes the important results from the simulation. From the summary and Figure 4 we observe that conditional handover significantly reduces handover delay.
[bookmark: _Toc496878876]Conditional Handover Reduces handover execution delay.
From the simulation results it is evident that Conditional Handover significantly improves handover reliability and should be considered in Rel-15.
[bookmark: _Toc496878896]Conditional Handover should be continued to be considered to enhance NR performance and included in Rel-15.

Conclusion
In section 2 we made the following observations:
Observation 1	A3 events with different threshold values can be used to trigger conditional handover command and actual handover
Observation 2	With Conditional Handover, the handover triggering A3 event threshold can be set higher than baseline.
Observation 3	Conditional Handover, if properly designed, can reduce both HOF and PingPong hadnovers in the system.
Observation 4	Conditional Handover Reduces handover execution delay.

Based on the results presented in section 2 we propose the following:
Proposal 1	Conditional Handover should be continued to be considered to enhance NR performance and included in Rel-15.
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[bookmark: _Ref496879315]Annnex A: Simulation Parameters
	Propagation model
	SCM- NLOS

	Deployment
	#Sites
	7×3-sectors, Hexagonal

	
	Height
	25m

	
	Maximum DL Power
	20W

	
	ISD
	500m

	
	Carrier Frequency
	2GHz

	
	Bandwidth
	5MHz

	
	No of Beams/cell
	4

	Mobility parameters
	Event
	A3

	
	A3 Offset1/Offset2
	3 dB /5dB

	
	Hysteresis
	2 dB

	
	TTT
	40ms

	
	RLF Qin and Qout
	-12dB and
-10dB
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