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1
Introduction
A work item [1] has been approved in RAN#80 for mobility enhancement in E-UTRAN as follows.
	The main objectives of this work item are to do the following enhancements:

· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]


During last RAN2#103bis meeting, potential improvements of mobility robustness was discussed and RAN2 agreed to evaluate new solutions compared to LTE Re-15 mechanisms.  In this contribution, we justify conditional handover by evaluating the mobility performance. By observing the simulation result, some issues related to conditional handover are addressed, and implications and proposals are provided.
2
Discussion

2.1
Rationale
Mobility performance in terms of handover failure (HOF) rate, ping-pong (PP) rate, and radio link failure (RLF) rate is crucial in cellular network systems. A moving UE measures the signal quality of its serving cell and neighbor cells so that it can handover to an appropriate target eNB when drifting away from the source eNB. Learning from the experience in normal HO performance evaluation, the HOF occurs mainly due to transmission failure of either measurement report (MR) or handover command, and the reason is that the radio link quality of the serving cell has already degraded before those RRC messages can be successfully delivered. Thus, earlier transmission of MRs and handover command can improve the mobility robustness. In order to trigger early MRs, measurement report configuration can provide lower threshold for the measurement events. In normal handover, measurement event with lower threshold induces that handover happens earlier and thus more handover chances. Consequently, the handover ping-pong rate increases. It is desired that both MRs and handover command can be transmitted earlier when the radio link with the source cell is still reliable without much increase of handover execution. Therefore, the concept of ‘conditional handover’ is introduced, which triggers MRs with lower thresholds and initiates handover procedure with relatively higher thresholds. Our understanding on conditional handover procedure is provided in our accompanied paper [2].

In the normal handover mechanism, UE executes handover immediately when receiving the handover command. On the contrary in conditional handover, UE receiving the conditional handover command will not perform handover until the handover execution criterion provided in the conditional handover command is met. Meanwhile, other measurement reports may be triggered, which results in the update of the conditional handover command and even initiation of the normal handover procedure by the network side. Thus, conditional handover introduces more signal overhead than the normal one. Moreover, considering multiple candidate cells may be prepared by the network, the signaling overhead over X2 interface for handover preparation will increase.
2.2
Performance evaluation
We presents two set of simulation results to show the improvement of mobility robustness by conditional handover as well as its signaling overhead compared to the normal handover. The simulation parameters are provided in Appendix.

2.2.1

UE speed 30km/hr
Table 1 shows the HOF rate, the number of measurement reports, and the number of handover commands when UE performs normal handover or conditional handover respectively in speed 30km/hr.
Table 1. Handover performance (UE speed: 30km/hr)
	
	Normal HO
	Conditional HO

	HOF rate
	2.49%
	1.09%

	# HO events
	562
	551

	PP rate
	1.78%
	1.09%

	# MR
	637
	1143

	# HO command
	633
	1140


It observed that the numbers of handover events are close, yet conditional handover improves robustness of handover as the HOF rate is reduced to less than half of that in normal handover. In addition, the ping-pong rate also decreases slightly in conditional handover. However, the signaling overhead in conditional handover is almost twice as much as that in normal handover.
2.2.2

UE speed 120km/hr
Table 2 shows mobility performance when UE moves at a speed of 120km/hr.

Table 2. Handover performance (UE speed: 120km/hr)
	
	Normal HO
	Conditional HO

	HOF rate
	11.92%
	2.04%

	# HO events
	1720
	1866

	Ping-pong rate
	11.10%
	11.58%

	# MR
	2956
	4802

	# (conditional) HO command
	2902
	4789


It can be seen that that normal handover mechanism is not suitable for high speed UEs, due to unacceptable HOF rate. By using conditional handover, the mobility robustness is improved remarkably though the ping-pong rate is slightly increases. However, the signaling overhead increase by 64% compared to the normal HO procedure.
From the simulation results, the following are observed.

Observation 1:
The normal handover is not suitable in high speed UE scenario due to the high HOF rate
Observation 2:
The conditional handover effectively reduces handover failure rate, especially in the scenarios where the mobility performance is challenging to guarantee, e.g. in high speed UE scenario.
Observation 3:
The signaling overhead in conditional handover for measurement report and handover command is much higher than that in the normal handover.

Proposal 1:
Support conditional handover in LTE to improve handover robustness. 

Proposal 2:
Study mechanisms to reduce the signaling overhead for the conditional handover.
2.3
Conditional handover assumptions and implications
2.3.1

Conditional handover command
Handover Preparation procedure consumes more network resources in conditional handover than in normal procedure due to multiple candidate cells preparation. Hence, we first need to justify whether the preparation of multiple candidate cells is needed or not in conditional handover. From the simulation, we observed how often the target cell of the handover execution is the candidate cell first prepared in all handover events. And the first candidate cell adoption rate provided in Table 3 shows how much in percentage the first prepared cell is selected as the target cell.

Table 3. First candidate cell adoption rate
	
	30km/hr
	120km/hr

	First candidate cell adoption rate
	76.16%
	57.91%


The result shows that at low speed, the first candidate cell adoption rate is below 80%, and the adoption rate falls below 60% for high speed UEs. This implies that in many case UE will select another cell for handover instead of the first prepared candidate cell. Therefore, the preparation of multiple candidate cell is useful, as a UE may eventually not perform handover to its first candidate.

Observation 4:
The first candidate cell adoption rate is below 80% in low speed scenario and is below 60% in high speed scenario.

Proposal 3:
The source eNB prepares multiple candidate cells for a UE in conditional handover.
There are several candidate cells in the measurement report with lower threshold. Then, source eNB prepares some of cells according to the report. After that, the conditional handover command is built by source eNB and then sent to UE. Different from the normal handover command, the conditional handover command comprises handover information of multiple candidate cells. Also, the handover information of each candidate cell is augmented by the handover execution criterion and a validity timer. The conditional handover is executed when the criterion is met. The command is no longer valid if its validity timer expires.
From the simulation, we observed that different validity timer setting influences mainly the signaling overhead, and the handover failure rates in distinct validity timer settings are similar as shown in Table 4. As a result, individual validity timers for each candidate cell is not necessary.
Table 4. Handover performance of different validity timer (UE speed: 120km/hr)
	Validity Timer (ms)
	500
	1000
	1500
	2000
	10000
	100000

	HOF rate
	2.09%
	2.09%
	2.04%
	2.04%
	2.14%
	2.14%

	# MR
	5418
	4970
	4829
	4802
	4739
	4739

	# (conditional) HO command
	5405
	4958
	4814
	4789
	4726
	4726


Observation 5:
The length of the validity timer is not a key factor to the handover robustness. On the other hand, the shorter the validity timer is, the more the signaling overhead will be.

Proposal 4:
A validity timer is associated with a conditional handover command.
The purpose of handover is to keep UE connecting to a usable eNB in mobility. As the channel condition to the source eNB degrades too much to successfully transmit data, the connection is lost actually. Thus, the source eNB has to prevent UE from losing connection to the network by configuring UE the appropriate criterion to execute handover. Hence, it is sufficient to use a single set of conditional handover execution criterion for multiple candidate cells in a conditional handover command. Also, the criterion is reasonably configured by source eNB.
Observation 6:
Source eNB is responsible to set an appropriate criterion for conditional handover execution to prevent UE from losing connection to the network.
Proposal 5:
Conditional handover command consisting of handover information of multiple candidate cells adopts a single set of conditional handover execution criterion. 

2.3.2

Conditional handover command update
Since UE does not always handover to the first candidate cell, it’s needed to update conditional handover command reflecting the most recent measurement result. In other words, after receiving conditional handover command, UE still needs to continue measuring cell quality and triggering measurement report as the condition of measurement event is met until conditional handover is initiated.

Observation 7:
Conditional handover command update is needed to reflect the most recent measurement result.
Proposal 6:
The reception of conditional handover command does not stop UE from measuring cell quality and triggering measurement report.
Since the conditional handover command maybe updated by the source eNB based on the measurement report received from UE side, the question is how to handle the updated conditional handover command. If proposal 4 and proposal 5 are agreeable, it’s simple to treat conditional handover command as an RRC configuration. To simplify the procedure, the later conditional handover command can be seen as a reconfiguration that overrides the earlier ones.
Observation 8:
The conditional handover command can be simply updated by the method that a later one overrides earlier ones.

Proposal 7:
The conditional handover command can be updated, i.e. overriding the previous conditional handover commands by the latest conditional handover command.
Next, if the validity timer of the conditional handover command expires, the command is no longer valid. After that, UE should trigger a measurement report to source eNB to obtain a valid new conditional handover command.
Observation 9:
The conditional handover command is invalid when the validity timer expires.

Proposal 8:
Upon expiry of the validity timer, measurement report is triggered immediately.
3
Conclusions

In this paper, we observed

Observation 1:
The normal handover is not suitable in high speed UE scenario due to the high HOF rate

Observation 2:
The conditional handover effectively reduces handover failure rate, especially in the scenarios where the mobility performance is challenging to guarantee, e.g. in high speed UE scenario.

Observation 3:
The signaling overhead in conditional handover for measurement report and handover command is much higher than that in the normal handover.

Observation 4:
The first candidate cell adoption rate is below 80% in low speed scenario and is below 60% in high speed scenario.

Observation 5:
The length of the validity timer is not a key factor to the handover robustness. On the other hand, the shorter the validity timer is, the more the signaling overhead will be.

Observation 6:
Source eNB is responsible to set an appropriate criterion for conditional handover execution to prevent UE from losing connection to the network.
Observation 7:
Conditional handover command update is needed to reflect the most recent measurement result.
Observation 8:
The conditional handover command can be simply updated by the method that a later one overrides earlier ones.

Observation 9:
The conditional handover command is invalid when the validity timer expires.

And we propose

Proposal 1:
Support conditional handover in LTE to improve handover robustness. 

Proposal 2:
Study mechanisms to reduce the signaling overhead for the conditional handover.
Proposal 3:
The source eNB prepares multiple candidate cells for a UE in conditional handover.
Proposal 4:
A validity timer is associated with a conditional handover command.
Proposal 5:
Conditional handover command consisting of handover information of multiple candidate cells adopts a single set of conditional handover execution criterion. 

Proposal 6:
The reception of conditional handover command does not stop UE from measuring cell quality and triggering measurement report.

Proposal 7:
The conditional handover command can be updated, i.e. overriding the previous conditional handover commands by the latest conditional handover command.
Proposal 8:
Upon expiry of the validity timer, measurement report is triggered immediately.
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5
Appendix
The simulation parameters are as listed in the following table.

Table 5. Simulation parameters
	Parameter
	30km/hr setting
	120km/hr setting

	ISD
	500m

	Trajectory
	Bouncing circle

	Cell loading
	100%

	Channel model
	3D-UMa (TR 36.873)

	L1 filtering time
	160ms
	40ms

	L3 filter coefficient k
	1

	A3 offset
	Normal HO: 2dB
Conditional HO:

- lower threshold: -1dB

- higher threshold: 2dB
	Normal HO: 2dB
Conditional HO:

- lower threshold: -3dB

- higher threshold: 2dB

	TimeToTrigger
	160ms
	40ms

	Validity timer
	2s*

	Handover preparation delay
	50ms

	Handover execution time
	40ms


* Validity timer is only used in conditional handover simulation.
