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Introduction
In this document, we provide simulation results of handover failures with focus on NR highway scenario [1] and then discuss challenges and potential enhancement areas for support of mobility in New RAT.
Simulation results and observations
Handover occurrence
Handover will additionally contribute to latency of eV2X message delivery (even if handover is successful), because UE cannot transmit a message in uplink during handover i.e. between handover command and handover complete. When UE generates a critical message just before receiving handover command, it fails to transmit the message at a source cell. Then, UE needs to delay transmission of the V2X message until handover procedure successfully completes at a target cell. Thus, actual latency of message delivery needs to involve handover latency for our study as shown in Figure 1. 
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Figure 1: Latency of message delivery including handover latency
We analysed how frequently vehicles perform handover procedures at the highway scenario in TR 38.913 [1] based on evaluation methodology in [2]. Our simulation result is shown in Table 1. It is assumed in Table 1 that all vehicles make successful handover i.e. handover failure is not considered in Table 1. 
Table 1: Time of stay at a cell for UEs in 140 km/h for highway scenario [1]
	
	Cell loading 25%
	Cell loading  50%
	Cell loading 100%

	Average ToS [sec]
	4.26546
	4.21084
	4.31343


The result in Table 1 shows that vehicular UEs in RRC_CONNECTED will experience frequent handovers (and also frequent cell reselections if UEs are in RRC_IDLE). For instance, vehicular UEs driving on the highway in 140 km/h are expected to perform handover every 4 seconds in average. 
Observation 1: UEs in high speed will experience frequent handovers and cell resections.
Handover procedure involves signalling overhead including measurement report, handover command and handover completion. In particular, if the number of UEs in high speed becomes large e.g. on a highway at the urban, signalling overhead will increase. Thus, mobility procedure in NR should provide lower signalling overhead in highway scenario.
Observation 2: Mobility procedure in NR should provide lower signalling overhead in highway scenario.
Handover Failures
Handover failure and radio link failure will additionally contribute to latency of V2X message delivery, because UE cannot transmit a message in uplink during handover and connection re-establishment and even after going to RRC_IDLE. When UE generates a V2X message just before receiving handover command, it fails to transmit the message at a source cell. Then, UE needs to delay transmission of the message until connection re-establishment successfully completes at a cell or even until NAS recovers the connection (i.e. a new connection establishment for NAS recovery). Thus, actual latency of message delivery would involve re-establishment latency and possibly new connection establishment for NAS recovery as shown in Figure 2 for failure case. 
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Figure 2: Latency of message delivery including handover failure and connection re-establishment which may be followed by NAS recovery
We analysed how frequently handover failure occurs at the highway scenario in TR 38.913 [1] based on evaluation methodology in [2]. Our simulation result is shown in Table 2.

Table 2: Handover failures for UEs in 140 km/h for highway scenario [1]
	
	Cell loading 25%
	Cell loading  50%
	Cell loading 100%

	HO Failure Rate (%)
	0.534998
	4.36872
	21.0526


The result in Table 2 shows that vehicular UEs in high speed are vulnerable to more frequent handover failures because all vehicles are usually in high speed. For instance, vehicular UEs driving on the freeway in 140 km/h will experience handover failure every 21 seconds in average for 100% cell loading case. It means that delay/drop of packet delivery will frequent happen due to handover failures for vehicular UEs. 

Observation 3: UEs in high speed are vulnerable to more frequent handover failures which will cause frequent occurrences of connection re-establishments.
Observation 4: When a UE in RRC_CONNECTED transmits packets in UL, packet delivery can be frequently delayed or dropped due to handover failure and radio link failures.

Handover failures will cause interruption of service and signalling overhead. Uplink packets would be consecutively dropped or delayed until competition of connection re-establishment or a new connection establishment after going to RRC_IDLE. Thus, it is important to support high robustness in mobility to avoid frequent service interruption and packet loss and to reduce undesirable signalling overhead.
Observation 5: mobility procedure in NR should support high robustness to avoid frequent service interruption and packet loss, and to reduce undesirable signalling overhead.
Potential mobility enhancement in NR
According to our analysis in this document, UEs with high speed will experience frequent handovers and cell resections. Such UEs are vulnerable to more frequent handover failures. In particular, vehicular UEs in eV2X usually move much faster than normal UEs, potentially even faster UEs in REL-14 V2X. As we observed above, frequent handover failures and connection (re-)establishments will increase packet drop rate and the number of consecutive dropped packets. It is therefore challenging to timely transmit critical messages in uplink due to frequent HOFs/RLFs for UEs in high mobility.
We think that it is beneficial to study uplink transmissions that UEs can perform while they move across cells or without tight RRC connection. It seems also beneficial to improve mobility with less signalling overhead for UEs in high mobility.

In particular, message transmissions in some eV2X use cases (e.g. road safety) are not based on one-to-one connectivity. Thus, connectionless transmission e.g. in RRC_IDLE could be also studied in NR. But, this kind of enhancement need not to be limited to a specific service such as eV2X.
Proposal: New RAT should provide more enhanced mobility procedure and uplink transmission mechanism considering high mobility and frequent connection failures e.g. for critical services such as eV2V.
Conclusion

In conclusion, we initially analysed handover failure in highway scenario [1], and discussed challenge and potential enhancements. It is proposed to agree the following observations, challenges and proposals for the study:
Observation 1: UEs in high speed will experience frequent handovers and cell resections.
Observation 2: Mobility procedure in NR should provide lower signalling overhead in highway scenario.
Observation 3: UEs in high speed are vulnerable to more frequent handover failures which will cause frequent occurrences of connection re-establishments.
Observation 4: When a UE in RRC_CONNECTED transmits packets in UL, packet delivery can be frequently delayed or dropped due to handover failure and radio link failures.

Observation 5: Mobility procedure in NR should support high robustness to avoid frequent service interruption and packet loss, and to reduce undesirable signalling overhead.
Proposal: New RAT should provide more enhanced mobility procedure and uplink transmission mechanism considering high mobility and frequent connection failures e.g. for critical services such as eV2V.
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Appendix A. Simulation assumptions for handover performance evaluation

Simulation assumptions are based on those in [1][2]. Details are summarized in the following table.
	Parameter
	Assumption

	Cell loading
	25, 50, 100%

	TimeToTrigger [ms]
	160

	a3-offset [dB]
	2

	L1 filtering time
	200ms

	L3 filter parameter K
	1

	Measurement error modeling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.

For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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