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1. Introduction
In this contribution, we consider an enhanced mobility management using virtual connections to multiple cells in order to mitigate the impact caused by the frequent handover or handover failure in eV2X operations. We also represent some evaluation result which shows the potential benefit of such mobility enhancement.

2. Discussion

Motivation
Some eV2X use cases require very low message loss rate under very tight latency requirement. When a mobile UE (e.g. vehicle type UE) moves fast between cells, the UE needs to be connected to the best quality cell and handover, the UE mobility management procedure more generally, occurs frequently. In LTE system, it has been generally assumed that, even when the whole handover procedure is successfully completed, the handover execution consumes a certain amount of transient time to try to establish a new connection to target cell and the UE is connected to no cells resulting in no data transfer during the interval. So, in order to fulfill the eV2X requirement, the interruption caused by each “successful handover” should have virtually no impact on the transmission of eV2X messages. In order words, the handover execution time should be sufficiently shorter than the eV2X latency requirement. 
On the other hand, the success probability of the handover execution cannot be 100%. Handover failure can happen, for example, if the UE moves so fast that it leaves the communication range of the serving cell even before the handover is completed. A recover mechanism can be operated in such handover failure cases, but it is expected that this will take considerable time and eV2X messages with tight latency requirement will be lost during this recovery procedure. 
Thus, in order to fulfill the eV2X requirement and provide reasonable value for the performance metric of the communication availability [1], a good solution is needed for NR mobility management. It should allow sufficient short handover execution time in a successful handover and also minimize the probability of the handover failure.

Proposed scheme
In order to reflect the above discussion, we consider in this contribution an enhanced mobility management where each UE has one serving cell but is virtually connected to a “candidate” cell for fast handover.. It is assumed that the UE is synchronized with the candidate cell both in uplink and downlink, and some parameters that are needed for the communication between the UE and the candidate cell are already configured to the UE before handover. Then, the UE is always ready to communicate with the candidate cell whenever such switch is triggered, and the handover between the serving cell and the candidate cell can be performed very quickly without causing noticeable interruption. The candidate cell is updated and conventional handover takes place when a third cell meets the handover triggering condition compared to the current candidate cell and the serving cell, respectively. Through this approach, the UE can maintain a ‘virtual’ multi-cell connection, and the handover failure frequency can be reduced because such failure is expected to happen only when the UE is in a channel condition where no communication is feasible with either the serving cell or the candidate cell. We note that the candidate cell may not be synchronized with the serving cell, so further study is necessary how to enable such operation.

Evaluation results
We evaluated the handover failure rate in the urban scenario in [2] with the speed of vehicle UE from 15km/h to 120km/h. Table 1 shows the performance results of the enhanced mobility management using one serving and one candidate cells in comparison with the conventional mobility management assuming one serving cell only.
It can be shown that the considered mobility management enhancement can substantially reduce the rate of handover failure compared to the conventional scheme. We evaluated the performance for the various cell loading factor considering the dynamic change of actual traffic conditions. Table 1~3 show the evaluation result of the average handover failures under 100%, 75%, and 50% of cell loading factors, respectively. 
If we assume that an eV2X message is transmitted with 10ms of periodicity and one message is dropped for each handover failure event, it is expected that 1e-5 rate of the message loss caused by handover failure (i.e., due to the communication unavailability) is achieved when the average handover failure per second becomes 1e-3. From the tables, we can observe that this level of handover failure becomes achievable with the considered mobility management enhancement for the vehicle speed of 120 km/h under the 50% cell loading. We note that the mobility management related parameters (e.g., the RRM measurement window length, TTT length, handover margin, etc.) are not fully optimized, so there can be more room to further improve the performance. On the other hand, the conventional mobility management renders much higher handover failure rate, making it difficult to ensure the required communication availability.

Table 1. Evaluation results of proposed scheme (cell loading : 100%)
	
	Average time of stay in a cell [sec]
	Average handover failures per UE in one seccond

	
	
	Conventional
mobility management
	Enhanced mobility management

	15km/h
	23.73
	3.60e-4
	3.05e-5

	60km/h
	7.37
	1.20e-2
	4.83e-4

	120km/h
	4.41
	4.33e-2
	1.89e-3



Table 2. Evaluation results of proposed scheme (cell loading : 75%)
	
	Average time of stay in a cell [sec]
	Average handover failures per UE in one seccond

	
	
	Conventional
mobility management
	Enhanced mobility management

	15km/h
	24.15
	2.19E-05
	1.00e-05

	60km/h
	7.29
	5.55e-3
	1.17e-4

	120km/h
	4.21
	3.26e-2
	1.04e-3



Table 3. Evaluation results of proposed scheme (cell loading : 50%)
	
	Average time of stay in a cell [sec]
	Average handover failures per UE in one seccond

	
	
	Conventional
mobility management
	Enhanced mobility management

	15km/h
	24.27
	~0
	~0

	60km/h
	7.45
	1.01e-3
	2.03e-05

	120km/h
	4.25
	1.11e-2
	3.97e-4



Proposal: NR design for eV2X needs to consider using connection to multiple cells, including dynamic serving cell change within the cells potentially unsynchronized in the same band, as a method to reduce the interruptions caused in the mobility management procedure.

3. Conclusion
In contribution, we discussed on the mobility enhancement for eV2X in the aspect of reducing the frequency of handover failure. Then, the evaluation results of the proposed scheme were also derived. Our observations and proposals can be summarized as follows:
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Appendix A. Simulation parameters and assumptions

	Parameter
	Assumption

	Cell layout
	Urban grid scenario (ISD 500m)

	Cell loading factor
	25%~100%

	Mobility model
	Vehicle speed 15 km/h, 60km/h, 120km/h

	Number of Veh’s
	1 (dynamic simulation)

	Handover margin
	2dB (TR 36.839 [5])

	Carrier frequency
	2.0GHz (DL/UL)

	Tx power
	46dBm (eNB) / 23dBm (UE)
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