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Vehicular-to-everything (V2X) will serve as the foundation to allow inter-vehicular (V2V), vehicular-to-pedestrian (V2P), and vehicular-to-infrastructure communications (V2I). Mobility will definitely influence the performance. LTE-based V2X study item mainly focuses on the feasibility of reusing Rel-12/Rel-13 ProSe. So far, the mobility issues regarding D2D such as handover has not yet been studied in Rel-12 ProSe study item [1], Rel-13 eProSe [2], and Rel-14 V2X study item [3]. V2X scenarios consider dynamic environments for which all the devices are in high mobility. Thus issues such as handover are inevitable in order to ensure service continuity.
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· RAN1 observes potential benefit of UE reporting its observation on the radio environment of PC5 carrier and/or its location to help eNB scheduling. However, the uplink signaling overhead, handover issue, burden caused by the increased number of RRC_Connected UEs have not been evaluated.
· FFS on how to handle mobility and handover related issue








In this contribution, we suggest the PC5 radio link quality measurement plays an important role in V2X handover. Rel-14 V2X study item defines three V2V operating scenarios [3]. To support the abovementioned statements, in section 2 we point out the corresponding issues to each of the examples by assuming that only Uu link can be used. We then point out the benefits of PC5 link and PC5 link measurement report in section 3. 

2. Discussion on the shortages of V2V communication with Uu link handover only
2.1 Scenario 1
Scenario 1 supports V2V operation using PC5 link [3]. However, handover is still required when the vehicles are moving from one cell to another. This is for the new eNodeB to keep the context information and update location information, as well as allocating new V2V communication resources. 
Consider a group of vehicles communicate via the PC5 link. When all vehicles move towards the other serving cell, it is likely that all vehicles remain in close proximity and satisfy handover condition simultaneously, as shown in figure 1a. Rel-12 ProSe study item, Rel-13 eProSe, and Rel-14 V2X study item do not provide a handover solution for such a case. This means a conventional LTE handover that relies only on Uu link would be performed that can cause interruption to the established PC5 links, as shown in figure 1b. Moreover, the handover related signalling is needed between the new eNodeB, which could lead to downlink and uplink signalling overhead at the target eNodeB, as shown in figure 1c. The excessive signalling via Uu link at the target eNodeB may also be a factor to DL and UL interference.









Fig 1a-Group of vehicles in V2V communication via PC5 link.  



Fig 1c-Excessive UL/DL signalling at the target eNodeB during handover procedure.
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Fig 1b-PC5 link interruption as all vehicles move towards the cell boundary and satisfy handover condition simultaneously.





Another case is that some vehicle moves out of the coverage of the source eNodeB coverage but some do not, as shown in figure 2a. Similar to the first case, conventional LTE handover would be performed which causes service interruption to the established PC5 links, as shown in figure 2b. This time not only the excessive handover related signalling, but also the excessive signalling between the source and target eNodeB could lead to signalling overhead. The chance of UL/DL interference in both cells is increased as well.
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Fig 2a-Group of vehicles in V2V communication via PC5 link.  



Fig 2c-Excessive UL/DL signalling at both target and source eNodeB during handover procedure.
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Fig 2b-PC5 link interruption as part of the vehicles move towards the cell boundary and satisfy handover condition.


2.2 Scenario 2
Scenario 2 supports V2V operation using Uu link. All the V2V communication is coordinated by the eNodeB. The DL message in this scenario is broadcast oriented. In case of one-to-many communication, the eNodeB reuses the multimedia broadcast multicast service (MBMS) technique to form DL multicast to the target vehicles [3]. 
Similar to what has been discussed under scenario 1, excessive UL/DL signalling and resultant UL/DL interference due to multiple vehicles satisfying handover condition could also occur in scenario 2. Another issue is related to service continuity. Consider a vehicle under scenario 2 that has just satisfied handover condition. The use of conventional LTE handover could lead to DL service interruption and increase in latency, as shown in figure 3. Moreover, there is a potential of DL interference at the cell boundary because it is possible that the vehicle may receive unwanted DL message from nearby eNodeB, as illustrated in figure 3. This is under the assumption that no coordination is performed between the serving eNodeB and the nearby eNodeB.  
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Fig 3-DL service interruption, latency, and potential of nearby cell interference could occur if one vehicle moves towards the cell boundary and satisfies handover condition under V2V scenario 2.  

	
2.3 Scenario 3
Scenario 3 supports V2V operation using both Uu and PC5 link. This scenario operates the same as scenario 2, except the inclusion of roadside units (RSU). The RSU can act as a relay to extend the V2V service range. Communication between the vehicle and RSU is performed via a PC5 link [3]. 
All the mentioned issues in scenario 2 could also occur in scenario 3. In addition, power efficiency and RSU complexity issues could happen in scenario 3. Consider a vehicle who wants to talk to the RSU, as shown in figure 4. If only Uu link is allowed, the communication has to be done via UL and DL signalling with coordination of an eNodeB even if the vehicle and RSU are in close proximity. This methodology is not efficient in terms of power saving because it does not make utilization of the PC5 link. Moreover, RSU loses its functionality as a relay without PC5 link, which contradicts with the statement of operation under scenario 3.
Another aspect to consider is the complexity of Uu handover to the new eNodeB. Consider a vehicle communicating with a RSU via the PC5 link, either transmitting or receiving data from RSU, satisfies the handover condition. The complexity of RSU is increased in order to handle a SL break even if the RSU is in close proximity to the vehicle. The design of RSU to cope with the UE Uu handover is needed.
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Fig 4-Power efficiency issue occurs when RSU needs to communicate with a vehicle due to the absence of PC5 link.  

3. Discussion on the significance of PC5 measurement
As mentioned in section 2, the use of conventional LTE handover scheme in V2V communication introduces issues such as service interruption, eNodeB signalling overhead, and DL/UL interference to all three operating scenarios defined in [3]. To overcome these problems, a PC5 link handover scheme especially designed for V2V could be a potential solution. Unlike conventional LTE handover, vehicles adopting the PC5 handover scheme could measure the inter-vehicular PC5 link, and uses them as a V2V handover decision criterion. The PC5 link could be maintained during handover, thus the negative effects introduced by the conventional LTE handover scheme could be reduced. In addition, the power efficiency and RSU complexity issues could also be dealt with the adoption of PC5 link, which again can use PC5 the link measurement report for decision making. 
Proposal 1: Handover should be considered in RAN2 for all three V2V scenarios.	
Proposal 2: PC5 link measurement might be used as a handover decision criterion for novel V2V/V2P handover scheme.
Proposal 3: PC5 link measurement report might be used for decision making for when dealing with power efficiency and RSU complexity issues in V2V scenario 2 and 3.
PC5 link measurement is also important prior to establishing the V2I link between the vehicle and RSU. Consider an in coverage vehicle communicating with a RSU, i.e. a pole, via a V2I link, as shown in Figure 5. When the vehicle moves towards the cell boundary and the handover condition is met, the established V2I link has to be terminated. As soon as the vehicle performs handover to the target cell, it has to communicate with the new RSU under the coverage of the target cell via a new established link. In this case, the PC5 link measurements between the vehicle and the candidate RSUs are required, such that the vehicle can choose to communicate with the RSU with the best signal quality. 
Proposal 4: Vehicle might use PC5 measurement as a road side unit reselection criterion after handover.
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Fig 5- An illustration of a V2I communication while the handover condition of the vehicle is met. Vehicle might use PC5 measurements (red arrows) as a road side unit reselection criterion.
 


4 Conclusion
In this contribution, we discussed that PC5 measurement plays an important role in V2X handover. We pointed out the downsides of having only Uu link in section 2, and then pointed out the benefits of having PC5 link and PC5 link measurement report. 
Proposal 1: Handover should be considered in RAN2 for all three V2V scenarios.	
Proposal 2: PC5 link measurement might be used as a handover decision criterion for novel V2V/V2P handover scheme.
Proposal 3: PC5 link measurement report might be used for decision making for when dealing with power efficiency and RSU complexity issues in V2V scenario 2 and 3.
Proposal 4: Vehicle might use PC5 measurement as a road side unit reselection criterion after handover.
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