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1 Introduction

Vehicle-centric communications network is one of the key enabling technologies for the emerging ‘connected car’ ecosystem, supporting a broad range of new services and applications, including automotive safety, autonomous vehicles, telematics, traffic control, and infotainment. 3GPP is initiating studies on the use of LTE mobile networks to enable connectivity between vehicles (V2V), between vehicles and roadway infrastructure (V2I), and between vehicles and pedestrians (V2P) or other mobile users, jointly known as LTE V2X.

In RAN Plenary #68 the following study item was initiated: “Feasibility Study on LTE-based V2X Services” [1]:

The objectives of this study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in [2]. The study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation.
The study should utilize output from SA1 as a baseline, where available, and should aim to re-use information available from external fora such as ETSI ITS, SAE (DSRC TC J2945/1), and CCSA. 
The detailed objectives are as follows:
2) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:

a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.

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].
Note: It is up to SA WG(s) how to name the interface for direct vehicle-to-vehicle communication.
The identified options/enhancements should reuse the existing features of LTE as much as possible. 
In this contribution, we discuss details of necessary enhancements for support of PC5 transport for V2V services. 
2 Prioritization of event triggered messages

Event triggered messages, though infrequent, need to be prioritized to communicate safety information. In this section we highlight multiple techniques to prioritize event triggered messages for V2V communication 

2.1 Separate resource pool for event triggered messages
V2V communication is expected in scenarios with and without network coverage [3]. Both control and data messages will be sent over the V2V communication physical channels. Resource pools can be defined as periodic sets of time/frequency resources which UEs utilize for a given V2V transmission and receiving V2V UEs can search for potential transmissions, including control and data transmissions. 
It is expected that different types of V2V messages can be sent over the V2V physical channels. Resource pool partitioning or configuration of multiple pools is one approach which can be considered to support multiple priorities for event-triggered and periodic traffic. This is shown in Figure 1 below where multiple pools are configured for different traffic types (as well as possibly shared/common pools) with different periodicities, which are TDMed or FDMed with one another. In-band emission issues should be considered, but may not be a limiting factor for vehicle UEs.
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Figure 1. Configuration of multiple FDM/TDM resource pools.

From the SA1 study, the typical latency requirement for V2V messages is 100ms. A straightforward enhancement of the Sidelink resource pool configuration would be to introduce shorter periods for control and data pools than currently supported. In addition, flexible multiplexing of the resources used for control and data channel transmissions in the same pool can also be considered.
However, if V2V communication reuses the distributed resource allocation framework (e.g. Mode 2), due to the random resource selection, it may be impossible to avoid intra-pool collisions or support absolute priority of certain transmissions. As a result, collision avoidance mechanisms should be considered to improve the reliability of transmissions compared to what is supported for D2D as further discussed in [5].

Proposal 1: Support configuration of multiple TDM/FDM V2V control and data resource pools for different traffic types with shorter periodicities than existing Sidelink resource pool configurations.
2.2 Range enhancements for event triggered messages
Given the importance of event triggered messages, it should be communicated to a large number of devices as quickly as possible and with high reliability. It is proposed that event triggered messages should always be sent at maximum transmission power and at the lowest MCS to maximize the range and reliability of these messages at the lowest latency. 

Proposal 2: Transmit event triggered messages at lowest MCS and maximum transmission power for maximizing communication range
2.3 Repetition pattern for event triggered messages
As discussed in Section 2.1, the resource pools framework defined for D2D communication can be used as a baseline for defining the resource allocation mechanisms for V2V. However two of the main requirements, reliability and latency for V2V communication, are increased. To support better reliability and more scheduling flexibility, some of the transmission parameters used for control and data messages may need to be modified. 
For D2D communication, the time resource pattern for the retransmissions of the MAC PDUs is derived from a bitmap mapped to the available D2D data subframes within a configured data pool. Since the number of MAC PDU retransmissions was fixed to 4, a subset of all possible pattern configurations was specified to reduce signaling overhead. However, for V2V, different numbers of retransmissions can be supported as a tradeoff between latency/reliability and signaling overhead. In addition, the length of the bitmap can be variable depending on the size of the resource pool which can be adapted to scale with the density of traffic in a given geographical area. The V2V control message payload design may need to consider how these parameters are semi-statically or dynamically adapted. 
Proposal 3: Enhancements for V2V resource allocation should include support for variable numbers of V2V MAC PDUs retransmissions and adaptation of the time resource pattern and resource pool configuration based on traffic density.
3 Conclusions
This contribution discussed details of necessary enhancements for support of PC5 transport for V2V services.

The following proposals are made:

Proposal 1: Support configuration of multiple TDM/FDM V2V control and data resource pools for different traffic types with shorter periodicities than existing Sidelink resource pool configurations.
Proposal 2: Transmit event triggered messages at lowest MCS and maximum transmission power for maximizing communication range
Proposal 3: Enhancements for V2V resource allocation should include support for variable numbers of V2V MAC PDUs retransmissions and adaptation of the time resource pattern and resource pool configuration based on traffic density.
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