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1. Introduction
The recently agreed study item on V2X services has the following overall objective [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 [SA1 TR: TR 22.885]. 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 utilise 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.
This document considers some of the new functionalities that would be required to efficiently operate V2X based services. In particular, we focus on a vision where V2X devices are implemented commercially in vehicles.
2. Future Connected Vehicle
Whereas current vehicles are connected to the outside world via car infotainment systems (broadcast, active navigation), eCall functions and smartphones plugged into the vehicle etc., we envisage future vehicles to be connected to the internet via mobile communications technology, such as LTE. In addition to current communication types, the vehicle will support local V2X services, such as ADAS, ITS, connecting with various devices in proximity, e.g. linking directly to other vehicles (V2V), transportation infrastructure (V2I) or pedestrians (V2P). A commercial goods vehicle may itself be carrying devices that are not part of the vehicle but are nevertheless connected to the network, such as tracking devices, environmental measuring devices (e.g. monitoring the temperature of chilled cargo) etc. A car may be carrying passengers with multiple connected devices (such as smartphones, wearable devices, health monitoring devices etc.).

We thus envisage the connected vehicle of the future carrying multiple connected devices, including:

· V2X devices
· Infotainment (broadcast, active navigation) devices
· Third party devices (tracking devices on commercial cargo, passengers’ smartphones…) 

The future vehicle is thus expected to carry a large number of communicating devices of various types, with various capabilities. It is likely to be inefficient that these devices are individually connected to the network. Furthermore as it is assumed that every car frequently transmits some specific messages to other cars, RSUs or macro eNBs in C-ITS, it could be better for 3GPP to offer a solution that allows for highly efficient resource usage under realistic use cases. Our opinion is that a better network topology would be that these communicating devices connect locally with one “Master” device, which would be enhanced relay device with certain functionalities of a cell, and that device then backhauls to the network. The existence of such a relay device could be beneficial for some complex road conditions, like intersections and congestions. The relay device could be either elected by the other devices in/surrounding the vehicle or nominated by the network.
A natural relay device would be the infotainment function in a car (which is already a communicating device, connected to the antenna and battery / alternator in the vehicle). This function could be either built into the car at manufacture (possibly as an optional feature), purchased as an after-market product or operate in conjunction with a smartphone. In addition to the infotainment function, a relay device can be applied to the safety function if required. When there is the relay device around the vehicle, vehicle can utilize the relay device to communicate. On the other hand, if the vehicle is required to be a relay device then vehicle can also behave the role of relay device.
Since the relay device can be chosen by either the network or other UEs and since the relay device is not necessarily hard-coded into the vehicle, any suitable LTE device should be able to operate as the relay device and provide access functionality for other LTE devices in/surrounding the vehicle, if allowed.

Support of a relay device for V2X services has advantages both for UEs and the network, including:

· All devices can be based on LTE, reducing cost and device complexity. They can tether to the relay device via LTE rather than by competing technologies. 
· Power consumption of devices connecting through relay device is reduced, extending battery lifetimes..

· The channel from the relay device to each of its connecting devices is improved from a multipath and Doppler perspective, improving network capacity and reliability.
· Improved coverage. Whereas the relay device might inherently have good coverage (with externally mounted antennas), other devices may be coverage-impaired (such as tracking devices in a container transported by a lorry).
3. Conclusion
This document described Sony’s vision of a future connected vehicle where the vehicle can act as a relay device to connect other devices to the network. The relay device supports both consumer functions (smartphones, infotainment) and V2X functions. 

It is proposed that one of the new functionalities that RAN1 considers in the V2X study is an enhanced relay device. The relay device has advantages both for the UE and the network, in terms of device complexity, power consumption, network capacity, reliability and coverage.
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