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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 PC5-based V2I/N and V2P 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. 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 this differentiation is visible to non-RSU UEs and the physical layer can be operated differently for the communication with UE-type RSU, a mechanism such as RSU discovery needs to be defined. Once a UE recognizes that it is communicating with an RSU, its operation can be changed, for example, resources can be allocated by the RSU or UE transmission power can be controlled based on the pathloss from the RSU. Although such operations may have potential to improve the performance, it has an issue of the latency and reliability of RSU discovery which is more critical under high UE mobility. Considering that Rel-12/13 ProSe discovery is mostly based on best effort transmission, it can be challenging to define a RSU discovery mechanism suitable for V2X cases. Furthermore, a vehicle UE needs to continue V2V communications with the other vehicles while communicating with a UE-type RSU, so separating the two communications may not be the best choice. Thus, we propose that, unless any agreement is made in the other WGs, RAN1 assumes a vehicle UE does not differentiate its transmission/reception to/from a UE-type RSU from those to/from the other vehicle UEs. For example, a vehicle UE transmits/receives V2X messages without being aware of the existence of a nearby RSU, and the RSU simply receives/transmits V2X messages by following the operation of the other vehicle UEs at least from physical layer viewpoint. We note that this does not preclude any special handling of UE-type RSUs from high layer viewpoint, such as management of UE-type RSUs in the network side.
Proposal 1: Unless any agreement is made in the other WGs, RAN1 assumes a vehicle UE does not differentiate its transmission/reception to/from a UE-type RSU from those to/from the other vehicle UEs.
Although Proposal 1 is adopted, enhancement for the communication with a UE-type RSU is still possible. One example is resource separation in transmission and reception of a UE-type RSU. As a UE-type RSU is also subject to the half-duplex constraint, transmission resources should be separated in time from reception resources in an RSU. This implies that, a vehicle UE transmitting a message which is supposed to be received by an RSU should not use the time resource used for RSU’s transmission. This operation can be transparently implemented by the location-based resource pool selection in [2]. This location-based resource pool selection provides a means to restrict transmissions of UEs in an area to a certain set of resources. Thus, the network can control UE operations such that UEs in the communication range of an RSU (determined by their locations) transmit in one subframe set while controlling the RSU to use another subframe set for transmission. Another enhancement example is efficient support of large message transmission in the RSU side. As an RSU is likely to transmit multiple V2X messages at the same time, its transmission message size can be very large and efficient support of this transmission needs to be studied. In addition, if an RSU is also communicating with the eNB, efficient coexistence between Uu and PC5 is important.

Proposal 2: It needs to be studied how to ensure efficient multiplexing of PC5 transmission, PC5 reception, and Uu operation in an RSU and how to support efficient transmission of large message size from an RSU.
2.2. PC5-based V2P
Enhancements for PC5-based V2V can be reused for PC5-based V2P as the 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. In order to minimize power consumption in a pedestrian UE, we can consider a longer message period (for transmission or reception in a pedestrian UE) so that a pedestrian UE wakes up only in limited time duration for transmission and/or reception in the PC5 carrier. This longer period can be justified by the lowered relative speed between a vehicle and a pedestrian. According to 5.18 Vulnerable Road User (VRU) Safety in [3], the maximum V2X message period is 1 sec, which is 10 times longer than the typical message period of 100 ms in V2V services. If we can assume that vehicle UEs transmit V2X messages with 100 ms periodicity and pedestrian UEs receive them with 1 sec period for V2P, a pedestrian UE ideally wakes up only 10 % of total time: A pedestrian UE continues PC5 reception over 100 ms time window so that it can receive one message from every vehicle in its proximity. We note that a pedestrian UE sometimes may need to continue reception after the 100 ms time window, for example, when it identifies that there are too many failures in the reception attempts.
Similar approach can be considered for the transmission from pedestrian UEs. At least for periodically generated messages, a pedestrian UE wakes up with the maximum frequency of once in 1 sec and transmits the generated message accordingly. In case where transmissions from pedestrian UEs occur in the same carrier as those from vehicle UEs and/or UE-type RSUs, an interference mitigation mechanism can be considered for V2P messages: As transmissions from a pedestrian UE occurs with a longer period, it may be advantageous to ensure higher reliability compared to transmissions from other device types. So, we can consider a mechanism where transmissions from a pedestrian UE can be protected, e.g., by using a set of separated resources for control and/or data [4].
Proposal 3: It is supported that a pedestrian UE wakes up in limited time duration for reception of V2X messages transmitted from vehicle UEs.
Proposal 4: It needs to be studied how to ensure higher reliability of messages transmitted from pedestrians with a longer period.
3. Conclusion
This contribution discussed potential enhancements for PC5-based V2I/N and V2P. The discussions can be summarized as follows:

Proposal 1: Unless any agreement is made in the other WGs, RAN1 assumes a vehicle UE does not differentiate its transmission/reception to/from a UE-type RSU from those to/from the other vehicle UEs.

Proposal 2: It needs to be studied how to ensure efficient multiplexing of PC5 transmission, PC5 reception, and Uu operation in an RSU and how to support efficient transmission of large message size from an RSU.
Proposal 3: It is supported that a pedestrian UE wakes up in limited time duration for reception of V2X messages transmitted from vehicle UEs.

Proposal 4: It needs to be studied how to ensure higher reliability of messages transmitted from pedestrians with a longer period.
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