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1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for all the three V2X services, V2V, V2I, and V2P. This contribution discusses potential enhancement areas for Uu-based V2V and Uu/PC5-based V2I/N/P according to the SID objective: 
3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
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].
2. Discussions 
2.1. Uu-based V2V and V2I/N
V2V and V2I/N via Uu interface involve eNB(s) in the service, and they share the commonality that both use WAN UL for vehicles’ transmissions and WAN DL for vehicles’ receptions. Thus, an enhancement option for UL or DL can commonly employed for V2V and V2I/N. 
For UL, enhancements for low overhead and latency can be considered. According to Forward Collision Warning use case in Section 5.1 in [2], typically 50 – 300 byte messages (excluding the security overhead) are generated at the frequency of 10 Hz, which is translated to 4 – 24 kbps per vehicle. For V2N Traffic Flow Optimisation use case in Section 5.15 in [2], the message generation frequency ranges from 0.1 Hz to 1 Hz, and the per-vehicle traffic rate becomes 0.04 – 2.4 kbps. So, it would be undesirable if such low per-vehicle traffic can be supported in UL only with substantial signaling overhead in the air interface. Furthermore, services such as V2V Emergency Stop Use Case in Section 5.4 in [2] have the nature of event-triggered message generation, and the latency in UL should be low enough to support the required 100 ms end-to-end latency. One potential solution is to enable UEs to transmit UL data even in RRC_Idle state in order to avoid signaling overhead (e.g., for frequent handover) and RRC connection latency.
For DL, enhanced multi-cell multicast/broadcast can be a potential option as mentioned in the objective 3-c in [1]. V2X messages in [2] are mostly multicast/broadcast messages that need to be delivered to multiple UEs, so multicast/broadcast option is a natural choice for DL transmissions used for V2X services. It is noteworthy that each message for V2V and V2I/P is likely to be local information which is relevant only to UEs in a certain geographical area (e.g., an accident area with the radius of several hundreds meters). The existing multicast/broadcast mechanisms have some limitations from the physical layer point of view. To be specific, the current MBSFN transmission was mainly designed for multimedia transmission over a wide area. So it is based on static resource allocation, which is not suitable for V2X services with strict latency requirement, and operates with high RS and CP overhead, which is unnecessary for transmissions to an area with moderate size. Single cell point-to-multipoint, which is currently under specification work, may support more dynamic resource allocation with less overhead. However, its per-cell transmission nature is unable to exploit the benefit of MBSFN transmissions from multiple cells which can provide better quality to cell-edge UEs and also be efficient when the target area is covered by several cells by avoiding redundant transmissions in each cell. Thus, it can be useful to study an option which can provide the gain of multi-cell transmissions in an MBSFN form with more dynamic scheduling and less overhead.

2.2. PC5-based V2I/N
PC5-based V2I/N is based on the communication between a vehicle and a UE-type RSU. One important issue is whether a UE-type RSU will be treated as a special UE which is different from a UE in a vehicle or pedestrian. If so, a mechanism for RSU discovery needs to be defined, and further optimization such as resource allocation by RSU or power control to RSU may be considered. If not, a vehicle can transmit and receive D2D signal/channel without knowing that it is actually communicating with an RSU. We note that how the UE-type RSU appears in the 3GPP network is dependent of the discussion in other working groups. In any case, some basic enhancement can be considered to facilitate RSU transmission and reception. An example is that some resources are reserved to RSU transmissions so that vehicles can receive RSU transmissions in these resources and do not transmit V2I/N messages to RSU in the resource where RSU is not able to receive due to its own transmission.
2.3. Uu/PC5-based V2P
According to [2], requirements for V2P are mostly a subset of requirements for other V2X services in terms of latency, reliability, communication range. One difference is that power consumption is an important topic in pedestrian UEs, so it is necessary to assess the power consumption of the solutions for V2V or V2I/N. If it is found that these solutions cannot provide sufficiently power-efficient operations, an additional option should be studied. For example, an indicating signal from the network or other UEs can be used to inform pedestrians of the necessity of transmitting/receiving V2X message so that pedestrian UEs can sleep if no necessity is identified.
3. Conclusion
This contribution discussed potential enhancement areas for Uu-based V2V as well as Uu/PC5-based V2I/N and V2P. The discussions can be summarized as follows:

· Options for low latency and overhead are needed for UL and DL for Uu-based V2V and V2I/N.

· It needs to be decided how a UE-type RSU appears to other UEs for PC5-based V2I/N.
· Power consumption should be studied for Uu/PC5-based V2P.
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