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Abstract of the contribution: This paper describes a solution for V2X services using a hybrid of PC5 based and LTE-Uu based architectures. V2X capable UEs communicate via PC5 one-to-all broadcast on both the uplink and downlink. In addition, UE type RSUs can communicate with V2X Application Server in the local mobile network over LTE-Uu for providing V2X services over an extended range. eMBMS downlink broadcast of V2X messages is not used.   
1.  Introduction
V2V/V2P messages are exchanged between V2X UEs that are in proximity of each other, predominantly using broadcast-based mechanisms. V2X UEs can use such broadcast based mechanisms for exchanging V2V/V2P messages with UE type RSUs also. A method of broadcast-based messaging between V2X UEs/RSUs that are in proximity is to use PC5 based one-to-all ProSe Direct Communication. 

PC5 based one-to-all ProSe Direct Communication could have the limitation of communication range for transporting V2X messages reliably in certain scenarios. There is also a need to dynamically manage the communication range of V2X messages based on factors such as the type of the V2X UE (e.g. emergency vehicle), the nature of the V2X message (e.g. safety related or not safety related), the speed of the V2X UE, environmental factors etc.

This paper describes a solution wherein V2X capable UEs communicate with other V2X UEs in proximity, including with UE type RSUs via PC5 one-to-all broadcast, for both the transmission and reception of V2V/V2P messages. The UE type RSUs can communicate with each other over local network, or with the V2X Application Server in the mobile network over a SIPTO@LN PDN connection via LTE-Uu, as needed, for managing the communication of V2X messages beyond the direct PC5 communication range of V2X UEs. With such hybrid use of PC5 and LTE-Uu based communication capabilities eMBMS is not needed for downlink broadcast of V2X messages.
This solution option addresses Key Issue#2: V2X message transmission/ reception for V2V Service and V2P Service, and Key Issue#5: V2X message transmission/reception between a vehicle and an RSU for V2I. This solution addresses Key Issue# 6 on latency improvements as well, without the use of eMBMS though. 
********************  Start Changes ***************************

Annex C (informative): 
Example hybrid deployment options using LTE-Uu based architecture and PC5 based architecture
C.1
PC5 based V2X communication with eMBMS reception

In this operation mode, a V2X capable UE always transmits the V2V/V2P or V2I messages via PC5. The V2X capable UE receives V2V/V2P or V2I messages via PC5 and optionally (if configured) via eMBMS. 
A stationary infrastructure entity acting as a UE, e.g. an RSU, receives V2X messages via PC5, and forwards the application layer processed V2X messages to a V2X Application Server via V1 interface, e.g. using a PDN connection over LTE-Uu or other type of connection (for example fixed). The V2X messages processed by the V2X Application Server can be distributed to V2X capable UEs via the eMBMS system as required.   

In this manner, a V2X capable UE can directly receive V2V messages from other UEs in close proximity. Additionally, in this mode the mobile network provides information from an extended range and satisfies the needs of soft safety (e.g. situational awareness at range) or will enable more advanced driving assistance applications. This combined sources of information are especially useful in high density use cases, where the UE may not be able to reliably receive direct V2X messages from distant vehicles over PC5.  

C.2
Simultaneous LTE-Uu based and PC5 based V2X communication without eMBMS
In this operation mode V2X capable UEs communicate with other V2X UEs that are in proximity, including with UE type RSUs, via PC5 for both the transmission and reception of V2V/V2P or V2I messages. The UE type RSUs can communicate with each other over local network or with the V2X Application Server in the mobile network over a SIPTO@LN PDN connection via LTE-Uu, as needed, for managing the communication of V2X messages beyond the direct PC5 communication range of V2X UEs. With such hybrid use of PC5 and LTE-Uu based communication, eMBMS broadcast on the downlink is not needed. 
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Figure C.2-1: V2X message transmission and reception using 
UE Type RSU via LTE-Uu and PC5
Figure C.2-1 is a high level illustration of this operation mode. This operation mode consists of three components:
· RSUs implemented as stationary UEs are deployed to provide adequate coverage to vehicular traffic infrastructure. The UEs and the UE type RSUs are configured with information for one-to-all ProSe Direct Communication or obtain such information via authorization mechanisms as proposed in Solution #1 of this TR. In order to reduce latency, the RSUs maintain SIPTO@LN connections with L-GWs in operator network. 

· The RSUs receive V2X messages from V2X UEs via PC5. V2X messages that cannot be processed by the V2X Application(s) locally in the RSU(s) for downlink distribution are routed to the V2X Application Server in the operator network over SIPTO@LN connection via LTE-Uu. The V2X Application Server in operator network processes the message to determine the target area and the size of the area where the V2X message needs to be distributed. V2X Application Server may coordinate and communicate with other V2X Application Servers for the determination of the target area and distribution of V2X messages in the target area. 
· V2X Application Server(s) send V2X messages downlink to the RSUs in the target distribution area by routing over SIPTO@LN connections via LTE-Uu. The RSUs broadcast the received V2X messages via PC5 using one-to-all ProSe Direct Communication. UEs listening for V2X communication in the target distribution area receive V2X messages sent by the V2X Application Server(s) via the RSUs. 



In this manner, a normal V2X capable UE always receives V2V/V2P messages from other UEs that are in close proximity via PC5. Additionally, the UEs implemented as RSU make use of LTE-Uu  for communicating with the V2X Application Server in local mobile network for providing V2X services over an extended range. Information from the vehicular environment e.g. information from other vehicles, sensor & surveillance equipment etc. can also be provided. Such combination of PC5 based and LTE-Uu based communication is especially useful in high density use cases where the UE may not be able to reliably receive direct V2X messages from distant vehicles via PC5.  
********************  End Changes**************************
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