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1. Introduction

A new study item aiming at enhancing existing LTE to support V2X services was agreed in RAN#68. For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services, the SI at least including the following objectives [1] :
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
The vehicle mobility is one of the factor should be considered, which can affect the V2X service continuity performance. When the vehicle in V2X communications moves across the cell boundary, seamless handover is expected so as to provide V2V communications service continuity. Therefore, we suggest that V2V communication must consider seamless handover to provide service continuity. For considering seamless handover to provide service continuity, we should investigate Uu transport for V2V and V2P in term of network coordination require resource efficiency of UE.
This contribution will discuss the Potential enhancement for Uu-based V2V and Uu/PC5-basde V2I/N/P V2X communications in mobility scenario. 
2. Discussion on V2V communications handover
When it comes to V2V communications service continuity, seamless handover should be provided considering the mobility of vehicle. The mobility behavior of vehicle can change the network topology and the signal strength of V2V communications dynamically. The variation of radio link signal strength to the camped eNB varies with time depending on the moving velocity of vehicle. That is, due to the mobility, the signal strength of radio link between vehicle and vehicle (V2V) and between the camped eNB and vehicle (V2I) may fluctuate seriously. In such case, V2V communications handover will occur, depending on whether the vehicle moves across the cell or not. 
Considering the mobility of vehicle and V2V communication which shown in fig 1, we should consider two Modes which represent as PC5 mode and cellular mode within the same cell. In PC5 mode, the source vehicle transmits the data directly to the destination vehicle. In cellular mode, the source vehicle transmits the data to the eNB and the destination vehicle receives the data via the eNB. V2V communications handover occurs when one of the vehicles in V2V communications moves across another cell or near the cell edge. The radio link of this moving vehicle to its camped serving cell becomes weaker. Therefore, it is likely to trigger V2V communications handover procedure in order to seamless handover the concurrent V2V communications to the neighboring cell. However, the current solution may not be supported to provide V2V service continuity. Therefore, we should consider the V2V communication handover procedure to support V2V service continuity. 
Cross-cell V2V connection happens when vehicle camped to different cells intend to perform V2V communications because they are geographically in proximity. There are two cases causing the situation of cross-cell V2V connection. In the first case, the vehicle originally camped to different cells. An inter-cell V2V communications should be enabled so that these vehicles can directly communicate with each other, as shown in Fig. 1(a). In the second case, as illustrated in Fig. 1(b), the vehicles originally perform ongoing V2V communications in the same cell. Due to mobility, one of the vehicles (vehicle 2) may be handed over to its neighboring cell. Therefore, the V2V communications link may be interrupted first, and then the moving vehicles (vehicle 2) is handed over to the neighboring cell (eNB2). V2V communications is again established. That is, the second case can be viewed as the inter-cell V2V communications after traditional handover procedure. However, the current solution to the second case may not be efficient because there is extra control signaling to provide V2V service continuity.
To provide service continuity of V2V communications even in the cell boundary or across the cell, seamless V2V communications handover should be further investigated. The current solution (V2V communications interruption + handover procedure + inter-cell V2V communications reestablishment) may have several drawbacks, such as latency, extra resources, extra signaling exchange, etc. Considering the social behavior of the capable UEs, all the capable UEs in ongoing V2V communications may enter the neighboring cells sooner or later. Since the capable UEs in ongoing V2V communications are often in close to each other, it might be useful for the network (e.g., the eNB or other network entities) to consider the joint handover to another cell so as to provide service continuity. It would be better if the joint handover can reduce the signalling exchange between the eNBs via X2 interface.
Observation 1: When vehicles are in ongoing V2V communications, the handover mechanism should be further investigated so as to provide service continuity.
Observation 2: Since the capable UEs in onging V2V communications are in proximity and even have the similar moving pattern, it is likely that they move to the same neighboring cell sooner or later.
Observation 3: Based on the specific V2V handover mechanism should be further inverstigate Uu transport for V2V and V2P in term of network coordination require, resource efficiency of UE.
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	Fig. 1(a) Cross-cell V2V connection: Case 1
	Fig. 1(b) Cross-cell V2V connection: Case 2


Now, we re-examine the Rel-12 RAN level handover procedure for seamless V2V communications handover. Figure 2 below depicts the basic Rel-12 handover scenario in radio access network [2]. We further discuss the suitability of Rel-12 RAN level handover procedure to V2V communications handover from two perspectives: Measurement Control (Step 1~ Step 2) and RACH procedure (Step 9 ~ Step 11).
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Fig. 2 LTE Intra-MME/Serving Gateway Handover [2]

As illustrated in Fig. 2, the eNB first transmits the L3 signaling, Measurement Control, through an RRC Connection Reconfiguration message when RRC connection is established. Then, the UE reports the Measurement Reports to the eNB periodically or by events. Measurement Control indicates the required measurement information including Measurement ID, Measurement Object, Reporting Configuration, Measurement Gap, etc. 
Measurement ID is used to identify Measurement Objects, to which the UE should measure its signal strength. The UE uses Measurement ID to measure target eNB. When it comes to V2V communications handover, the capable UE should measure not only the signal to the target eNB, but also the signal among its ongoing V2V communications  capable UEs. That is, V2V pair or V2V group should be assigned a new ID to measure the V2V communications signal among each other. Measurement Control needs aV2V specific ID to find V2V groups or pairs. 

Measurement Object, specified by Measurement ID, provides information about E-UTRA networks to be measured by the UE, including frequency channel number, Physical Cell ID (PCI) of the cells to be measured, etc. If the neighboring cell to be measured uses the same carrier frequency as the serving cell, the UE can measure the neighboring cell without using measurement gaps. However, if the neighboring cell does not use the same carrier frequency as the serving cell, the UE should first synchronize to the carrier frequency of the neighboring cell according to measurement gaps during UL/DL idle period, and then measure the signal strength.

Even though the Measurement Gap provides UL/DL idle period to measure the carrier frequency information of the neighboring cell, the UE will not measure the signal strength to a cell belonging to different PLMNs. That is, the UE always measure the signal strength to eNBs within the same PLMN. However, when it comes to V2V communications handover where UEs belong to different PLMNs, the UE in ongoing V2V communications should be able to monitor the signal strength to an eNB where its corresponding UE will be handed over to. For example, as illustrated fig3, when Measurement Control occurs, differential vehicle 1 (PLMN 1) and vehicle 2 (PLMN 2) measure RSRP or RSRQ of adjacent eNBs. However, their adjacent eNBs can be different. In the case of inter-PLMN V2V communications, UE1 measures the signal to eNBs of PLMN 1 (i.e., eNB0 and eNB1), while UE2 measures the signal to eNBs of PLMN2 (i.e., eNB2). Therefore, capable UEs in the ongoing V2V communications may have different measurement lists. The Measurement Object of the V2V pair is different. As a result, when the V2V pair move out of eNB0 coverage, each capable UE may be handed over to different eNBs, though they are in geographically close proximity. The service of V2V communications is interrupted, not fulfilling the service continuity requirement. 
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Fig3. Different Measurement Object of Inter PLMV V2V communication 
Observation 4: The Handover procedure depends on V2V(PC5) & Uu link measurement and link quality assessments such as RSRP or RSRQ. 

Observation 5 : When the velocity of vehicles are moving in 140km/hr, the handover mechanism and link quality assessment procedures should be further investigated in V2X communication. 
Proposal 1: Introduce new definitions/procedures for the measurement of RSRP, RSRQ use for Uu-based V2V and Uu/PC5-basde V2I/N/P V2X communications in mobility scenario. 

Conclusion

    In this contribution, we discuss the Potential enhancement for Uu-based V2V and Uu/PC5-basde V2I/N/P V2X communications in mobility scenario.  We have the following observations and proposals:
Observation 1: When vehicles are in ongoing V2V communications, the handover mechanism should be further investigated so as to provide service continuity.

Observation 2: Since the capable UEs in onging V2V communications are in proximity and even have the similar moving pattern, it is likely that they move to the same neighboring cell sooner or later.

Observation 3: Based on the specific V2V handover mechanism should be further inverstigate Uu transport for V2V and V2P in term of network coordination require, resource efficiency of UE.
Observation 4: The Handover procedure depends on V2V(PC5) & Uu link measurement and link quality assessments such as RSRP or RSRQ. 

Observation 5 : When the velocity of vehicles are moving in 140km/hr, the handover mechanism and link quality assessment procedures should be further investigated in V2X communication. 
Proposal 1: Introduce new definitions/procedures for the measurement of RSRP, RSRQ use for Uu-based V2V and Uu/PC5-basde V2I/N/P V2X communications in mobility scenario . 
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