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1. Introduction

It is envisioned in vehicular industry that wireless vehicular communication will enable many applications from safety services to a variety of user-convenient services. Especially, there is increasing interest on safety applications via Vehicle to Vehicle
and Vehicle to Pedestrian
 communications, inspiring the necessity for more reliable and robust communication technology and well-deployed infra-network. A variety of connectivity applications via Vehicle to Infrastructure (network)
 is also attracting a lot of interest, along with an explosive growth of internet services via mobile devices and network.  However it is uncertain that currently available vehicular communication technologies such as DSRC/WAVE could catch up with such applications and services to the full extent. Hence, we here address the limitation of current vehicular communication and then discuss the potential of applying and/or enhancing LTE to vehicular communication.
2. V2X Communication 
Wireless vehicular communication (VC) has been considered as one of the key enabling technologies for the emerging market of intelligent transport system (ITS). Until now, discussion on wireless VC has been focusing on V2V communication and its applications and services. One of them is active road safety application, for example, collision warning, roadwork warning, and so on. It was reported in USDOT
 that VC based safety services will significantly reduce car collisions, save lives and reduce property loss. One of the currently available vehicular communication technologies is DSRC/WAVE
. However, due to the limitation of DSRC technology itself and the lack of related infrastructure, there has been ever-growing necessity for further enhancements of DSRC/WAVE protocol to cope with emerging services and requirements, especially, related to V2I and V2P. Apart from the necessary enhancements for DSRC itself, it is worth assessing the applicability of LTE technology to VC because LTE (possibly with some enhancements) can easily overcome such limitations of DSRC for V2I and V2P use cases and provide better performances.
Figure 1 depicts a basic concept of V2V, V2P and V2I and their corresponding use cases. Exemplary V2X applications reported in [1] are provided in Appendix.
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Figure 1: Basic concept of V2X communication (V2V, V2P, V2I and V2I*)
With regard to V2I aspects of VC, the pace of LTE network deployment is accelerating all over the world, which enables more and more advanced services and internet applications  harnessing the inherent benefits of LTE such as higher data rate, lower latency and enhanced coverage, etc. So simply by connecting a vehicle-installed V2X device into the LTE network (infrastructure), all the internet based applications and services can be utilized. This can be seen as a big difference between DSRC and LTE in the viewpoint of V2I applications and services.
With respect to direct communication for V2V, specification work for LTE device to device (D2D) communication is expected to be completed by the end of 2014. With the help of D2D, it is possible for a UE to directly communicate with other UEs and find other proximity UEs instead of transmitting/receiving data and signals to/from eNB. By applying such LTE D2D features to V2V, one could anticipate more interesting and useful applications and services than those currently identified in VC.
 There are a few on-going studies on future requirements for V2X applications and services in regional standardization bodies or research programs (e.g., ETSI ITS Rel-2 requirements, US CVRIA
, and so on), where one of important use cases to be developed is a pedestrian protection from vehicle (i.e., V2P).  For useful V2P applications, it would be essential to provide vehicle-to-UE communication, vehicle-to-network communication, and application dependent functionalities.  LTE system leveraging D2D features can effectively support the V2P requirements.  
From the point of view of LTE standardization, a study on new use cases and requirements to support V2X in 3GPP LTE system may first be needed in relevant working groups of SA and/or RAN. 
3. Conclusion
  Leveraging the competitively evolving LTE technologies including D2D and the fast growth of LTE market, 3GPP LTE can provide promising solutions to meet the requirements for emerging applications and services for V2X and to achieve the economies of scale for the market. Taking the potential benefits LTE provides for V2X into account, we propose starting related studies and subsequent works on LTE-based V2X in 3GPP SA and RAN. 
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The exemplary V2X applications reported in [1] are presented in this section for the reference information for understanding of V2X applications. 
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� V2V: Vehicle to Vehicle communication


� V2P: Vehicle to Pedestrian communication


� V2I: Vehicle to Infrastructure. Infrastructure means in this paper either DSRC network (V2I) or LTE network including internet connection (V2I*)


� In USDOT (US department of transportation) report of 2012, the annual loss from traffic accident was estimated 600 billion US$ and was expected that 79% of those accidents could be avoided by equipping V2X communication module. Especially 90% of those damages were caused, first of all, by the carelessness of the driver rather than vehicle defects or the other factors. In that sense, it is envisioned that the safety applications in a vehicle could dramatically reduce property loss and save a lot of lives.


� DSRC/WAVE: dedicated short range communication / wireless access in vehicle environments. IEEE802.11p and IEEE1609 represent the set of standards for DSRC/WAVE protocols.


� CVRIA (Connected Vehicle Reference Implementation Architecture); this program is a large set of research activities centred around a vehicle or a mobile device that is equipped with communications and processing allowing those equipped platforms to be aware of their location and their status and to communicate with each other and with the surrounding infrastructure.
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