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1   Introduction
After RAN3#90 meeting, a RAN3 email discussion about SI Feasibility Study on LTE-based V2X service [1] was triggered. And one of the topics in the email discussion is about the mobility support for large number of vehicles with high speed [2]. Most of companies think the scenario and issue should be identified first. In this contribution, we provide the initial consideration on the potential mobility related issue caused by the large number of vehicles with high speed in V2X.
2   Discussions
Problem Description
In HetNet SI/WI, a lot of issues related to UE speed were identified, e.g. how to make a more accurate estimation on UE speed, how to fast identify an inter-frequency cell, and how to decrease the HOF (Handover Failure) for high speed UE in HetNet. With regards to vehicles in high speed, we assume that only macro layer is deployed in this contribution for simplicity. When vehicle UE moves with high speed, the HOF is increased significantly even in macro only network, which has been revealed in HetNet SI [3]. This is because high speed UE requires a faster HO procedure due to the short time it stays in the HO region [4] between serving cell and target cell. The HO region is defined as the region between Position A (A3 event trigger) and Position B (PDCCH outage at serving cell). The HO procedure related signalling needs to be transmitted and received in this region in order to make a successful handover.
The numbers in the following Table 1 are quoted from Figure 5.5.4.1.2-5.5.4.1.4 in [3] and are provided here to present a quantitative result on how the HOF increases with the increase of UE speed.
Table 1 The HOF performance under different UE speed in Macro only deployment
	HOF (Macro Only)
	30km/h
	60km/h
	120km/h

	A3 offset = 1 dB
TTT = 40 ms
	0.1%
	0.1%
	1.25%

	A3 offset = 1 dB
TTT = 80 ms
	0.02%
	0.1%
	1.7%

	A3 offset = 1dB
TTT = 160ms
	0.05%
	0.2%
	2.7%


Observation 1: The HOF increases significantly when UE moves in high speed.
Generally speaking, high HOF introduces service interruption, and thus results in the delay of data delivery. When it comes to the three V2X scenarios presented in TR36.885 [5], as shown in Fig.1, the high HOF may result in service interruption in different degrees.
For scenario 1 vehicle UEs may transmit V2X message to each other through one to many sidelink communication. If vehicle UE is configured with autonomous resource allocation (e.g. the resource pool is configured for RRC connected UE), the service interruption would be minor since the resource pool is still available during T310/T311/T301 for RRC re-establishment. But for scheduled resource allocation (e.g. the resource is scheduled by eNB), the high HOF can lead to service interruption and accordingly the extra delay of V2X message delivery. The extra delay includes the time between the detection of RRC re-establishment and acquirement of sidelink resource from the eNB. In fact, the service continuity of public safety sidelink communication had been discussed in R12 and R13. The exceptional resource pool is defined to cope with the bad link conditions between UE and eNB. For example, ProSe UE can switch to use the exceptional resource pool instead of eNB scheduled resource for sidelink communication in case of handover failure. When it comes to the V2X communication via PC5, it is suggested to reuse the exceptional resource pool design for V2V communication to alleviate the service interruption. 
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Scenario 3A                                                Scenario 3B
Fig. 1        V2X Operation Scenarios
In scenario 2, vehicle UE utilizes Uu interface to transmit and receive the V2X message. The frequent HOF leads to a lot of service interruptions and accordingly extra delay of V2X message delivery. 
In scenario 3A) and 3B), vehicle UE and UE type RSU may transmit through one to many or one to one sidelink communication. Suppose one to one sidelink communication is used, the vehicle UE may perform the RSU discovery/selection/reselection and establish the layer 2 link with UE type RSU. If the vehicle UE is in high mobility, the vehicle UE needs to reselect to other RSUs frequently and the sidelink communication between vehicle UE and RSU may be interrupted during the RSU reselection. On the other hand, the in coverage vehicle UE and UE type RSU may keep the RRC connection with eNB. When vehicle UE and UE type RSU fails to connect to the eNB during HO, the vehicle UE and UE type RSU shall re-establish RRC connection to the eNB. As we can see, both the HO and RSU reselection may increase the delay of V2X message delivery in Scenario 3.
In a word, for all scenarios except for the one to many sidelink communication with UE autonomous resource allocation configuration, high HOF leads to severe service interruption and extra delay of V2X message delivery. The extra delay might need to be considered in the RAN2’s evaluation work on the end to end delay of V2X message.
Observation 2: For all scenarios except for the one to many sidelink communication configured with UE autonomous resource allocation configuration, high HOF would result in severe service interruption and extra delay of V2X message delivery.
When taking a large number of vehicles with high speed into account, a lot of HOs and TAU(s) may happen. Accordingly, the S1/X2 signalling load increase significantly. The similar issue is identified in the small cell deploy scenario, as illustrated in [6]. 
Observation 3: For all scenarios, the S1/X2 signalling load increase significantly due to frequent HOs and TAU(s) for the large number of vehicles with high speed in V2X.

Way forward in RAN3
As mentioned by one company during the RAN3 email discussion, the mobility related issue caused by the large number of vehicles with high speed in V2X is primarily a RAN1/RAN2 issue, and RAN3 should wait for RAN1/RAN2’s assessment of whether handover enhancement is needed or not.
But we are worried that RAN1 and RAN2 will not start the evaluation and study on the mobility support for large number of vehicles with high speed in V2X without any external trigger. It would be better to discuss the identify mobility related issues and if applicable, have an initial agreement on these identified issues in RAN3 first and then send an LS to ask RAN2/RAN1 to make the final decision.
Proposal 1: RAN3 is suggested to make an initial agreement on the issues for a large number of vehicles in high mobility. And an LS is recommended to send to RAN2/RAN1 for their evaluation.
3   Conclusion
In this contribution, we provided the initial consideration on the potential mobility related issue caused by the large number of vehicles with high speed in V2X. Following observations and proposals are given to guide the further study:
Observation 1: The HOF increases significantly when UE moves in high speed.

Observation 2: For all scenarios except for the one to many sidelink communication configured with UE autonomous resource allocation configuration, high HOF would result in severe service interruption and extra delay of V2X message delivery.

Observation 3: For all scenarios, the S1/X2 signalling load increase significantly due to frequent HOs and TAU(s) for the large number of vehicles with high speed in V2X.

Proposal 1: RAN3 is suggested to make an initial agreement on the issues for a large number of vehicles in high mobility. And an LS is recommended to send to RAN2/RAN1 for their evaluation.
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