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1. Introduction

Recently, a new SI investigating and studying the feasibility of LTE-based V2X services [1] has been agreed. One of the goals is to: “Identify and evaluate the enhancements required to support each of eNB type and UE type RSU”. This contribution presents initial thoughts about eNB and UE type road side units (RSU) architecture, as well as some design questions that could help identifying the enhancements needed for the support of V2X services.
2. Discussion
In the Technical Report relative to V2X [2], an RSU (Road Side Unit) should be capable for transmitting/receiving V2I  (Vehicle to Infrastructure) messages, using V2I application to/from an embedded counterpart called OBU (On Board Unit) located  in the moving vehicle 

In the ITS (Intelligent Transportation System), the different V2X services are defined as following:
· V2V (Vehicle to Vehicle) services providing information of presence, position and speed as well as additional peer to peer notification information to vehicles within a single hop distance as for the Cooperative Awareness Messages (CAM) [3],

· V2I services that transmit notification to a group of vehicles regarding a set of relevant environmental events as for the Decentralized Environmental Notification services (DEN) [4]. This notification dissemination is either performed by a group of RSUs to a group of OBUs or triggered by a central server to a group of OBUs.

· V2P (Vehicle to Pedestrian) services using the pedestrian location/proximity information for notifying the vehicles of the presence of pedestrians

Furthermore, V2I has been further refined in [2] in V2I for communications with an RSU, and V2N (Vehicle to Network) for communications with a central server.
All the aforementioned services should be provided timely to the OBUs, in order to ensure the safety of vehicles and pedestrians, and should scale well with the number of users. Hence, latency and scalability are important requirements. 
The V2X services are implied in different scenarios and use cases, and may be supported by different network architectures. We describe hereafter two families of possible architectures, one based on eNB-Type RSU and the other based on UE-Type RSU.

2.1. eNB-Type RSU
Figure 1 depicts a possible architecture for an eNB-Type RSU. 

At the local level – typically a cross road -, an RSU has a bearer with nearby vehicles for V2I communications, and could be linked to a central application (V2X application server) through an external network.

Vehicles could connect directly to each other through a PC5 direct interface, and could also have a bearer with V2X application server for V2N communication. Then, a vehicle can communicate:

- With another vehicle through PC5 (D2D) or through Uu via the RSU, acting as a kind of relay. To be noted that the RSU-to-vehicle direction could be unicast, or multicast/broadcast
- With the RSU through Uu and a SIPTO L-GW.

- With the V2x application server, via Uu and a P-GW

It is assumed that it is up to the application (OBU) to use the correct bearer (V2I or V2N) depending on the message.
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Figure 1: Possible eNB-Type RSU architecture

Sensor and actuators can be connected to the RSU with a non-3GPP interface, e.g. wired or WIFI (C.f. the traffic light in Figure 1), or through a LTE Uu interface as shown in the picture for the monitoring camera.

RSU can be located in a device separated from the eNB, connected to the RAN through standalone SIPTO@LN GW. Alternatively, we can think of embedding the RSU within an eNB, and a good candidate for the architecture would then to base it on co-located SIPTO@LN.
The two options would address different typical scenarios. In the co-located case, RSU management would correspond to the eNB radio coverage, although in the second case (co-located), the management area may be wider, spanning to several eNBs, or even lower, assuming having several RSUs connected to a given eNB. Service continuity under mobility among the coverage of several RSUs will be problematic in the co-located case, but if the RSU management area is limited to a crossroad, such service continuity could be not required. Anyhow, the choice of the correct SIPTO GW, and then of the relevant RSU, is in charge of the network, depending on vehicle location.
Vehicles could detect pedestrian through a D2D discovery features (PC5). However, the mobile network is also aware to a certain extent of the smartphone characteristics and localisation, and could interact with the V2X application server and/or the RSU to help vehicle/pedestrian collisions detection and prevention. This interaction should however be clarified. It is also worth noting that ProSe neighbour discovery is likely to need enhancement to cope with the ITS delay requirements, but this is out of RAN3's scope.
2.2. UE-Type RSU
In a second possible architecture option (Figure 2), the RSU has a LTE UE-type radio interface. Hence, RSU may be connected to V2X application server through Uu. It can relay traffic to/from V2X application server through the PC5 thanks to UE-to-network relay ProSe function.
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Figure 2: Possible UE-Type RSU architecture
Vehicles communicate to each other with D2D PC5 for V2I, with RSU also through PC5. They could in addition be connected to V2X application server through a Uu interface.
Sensor and actuators can be connected to the RSU with a non-3GPP interface, e.g. wired or WIFI (C.f. the camera in figure), or through a LTE PC5 (C.f. the traffic light).

RSU management area will be linked to D2D typical range. RSU selection is made based on D2D discovery mechanisms.
Service continuity among different RSUs would require standard enhancement since currently no handovers are available between UEs, but such service continuity requirement could be relaxed if this type of RSUs is intended to cover a limited area, a road cross for example. 

However, this architecture option would allow a RSU deployment without network coverage.
2.3. Use case and scenarios

In this section, we are going to examine the two options described above in light of some scenarios depicted in [2], and try to draw some conclusions on pros, cons and RAN3 implications of the different architectures.

A typical scenario of a crossroad management includes traffic lights, pedestrians and vehicles, and one or several RSUs having various sensors to detect collisions and traffic conditions. To be able to scale properly, safety-related communications should have different scopes. Pedestrian should be detected at local level as much as possible so as to react in timely manner and to avoid flooding a central point. A collision will require first a very time sensitive communication in a short range area around the event to avoid further immediate collisions, second to warn vehicles located in a second circle so as to regulate traffic speed and queue, and third a report to a central traffic management to deal with navigation service update and possible farther consequences.
A relate use case is a scenario for crossroad protection, where cross visibility is poor. A video camera could provide a view of the crossroad, and the corresponding images could be reported to drivers in vehicles before they arrive to the cross point, such that they can check whether the road is clear or not.
e-NB type RSU

In this architecture option, collision could be detected by vehicles with V2V. Vehicles would report to RSU via their V2I service through Uu. RSU could relay the warning to vehicles in the second circle, which would correspond to one or more cells of the eNB it is connected to. Doing the multicast with MBMS would be advantageous in terms of scalability and efficiency, which fits well with single cell Point To Multipoint eNB feature. Being able to react quickly implies limiting implications of core network and central server; a local MBMS architecture would then be beneficial.
The eNB-type RSU architecture could support the cross road protection scenario through video with unicast distribution from RSU to vehicles, or alternatively through multicast. To be noted that the video camera could itself embed a Uu interface, making deployment easier without the need for a network connection, while being reached locally thanks to the RSU local breakout.

Pedestrian/vehicle collision detection could be done ad-hoc, i.e. without RSU implication, assuming a V2V broadcast from pedestrian UE device and detection from the counterpart application in the vehicle.
UE-Type RSU
Taking again the crossroad protection scenario, collisions could also be detected by vehicles with V2V, and vehicles could report to RSU via a V2I service, based this time on a PC5. However, since RSU range is of the same order than any vehicle, the 'second circle' warning would have to be done by a relay – at application level – to another nearby RSU. A possible solution to relay farther the warning would be to take benefit of the MBMS framework to reach a given area, then RSUs relay the MBMS data through PC5 for local distribution [5]. Alternatively, vehicles could directly subscribe to an MBMS warning session through their Uu.
In the cross road protection scenario, a UE-type RSU would rather be connected to the video camera through a non-3GPP interface. RSU could broadcast the video stream through PC5, making it available to nearby vehicles. This use case can extend to traffic light or traffic queue management, and could be supported even without a mobile network infrastructure. 
For pedestrian/vehicle collision detection, collision detection could be done ad-hoc as described in eNB-type RSU section above, but here the RSU could also actively be part of the detection since it is able to listen to V2V broadcast messages. 
3. Conclusion
UE-Type RSU is more similar to current ITS architecture, with vehicles communicating only in direct mode, and RSU making the relay to the CN. The option has the advantage of possible deployment without network coverage, but service continuity has to be built. eNB-Type RSU is obviously more integrated to cellular infrastructure, taking benefit of existing LTE features, with known scalability capabilities. However the two architecture options are not excluding each others, and a UE-Type RSU could be deployed in some areas, while eNB-Type are deployed in others.
ProSe mechanisms are an obvious basis for ITS service support, but they should have to be completed with infrastructure-based features when for example warnings shall extend over the typical ProSe range.

To cope with scalability and timing constraints of V2X services, it is necessary to favour applications located at the network edge, i.e. at RAN level. SIPTO@LN is a promising start, but it should be completed and enhanced with for example shorter and lighter MBMS architecture. 
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