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1 Introduction
In RAN #68 meeting, the LTE V2X Study Item [1] was agreed with the following specific agreement:

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].
PC5/ProSe should be studied as an important solution for V2X services in this SI and necessary enchantments for PC5 needs to be identified and evaluated from the perspective of RAN 2. 

In this contribution, some potential issues related to PC5 transport for V2X services, i.e. the issues that may occur if Current PC5 is directly used to support V2X, are identified from RAN2 perspective, whereas corresponding enhancements within RAN2 scope are proposed as well.  
2 Discussion
As for current PC5, sidelink discovery and sidelink communication are the two available techniques. Nevertheless, as current discovery channel are only allowed to carry message no more than 232 bits, it is  thus so limited in message size that cannot support V2X messages which are typically hundreds of bytes large (e.g. as the traffic model agreed in RAN1 [2], 190, 300 or 800 Bytes). As a result, sidelink discovery channel may Not be eligible as a candidate for V2X service transport. On the other hand, it seems that the SI itself has already implied to take sidelink communication as the potential solution for PC5 transport for V2X, since it clearly listed potential enhancements for SA, i.e. “SA information transmitted in same subframe as the associated data” as something to be studied in the Objective of [1]. For the above reasons, sidelink communication may be a more appropriate choice to support V2X services. 

Observation 1: Sidelink Communication should be used for PC5 transport for V2X services. 
With the above observation, the following discussions of PC5 transport of V2X services are based on Sidelink Communication.  
2.1 Issues on Multiple Carrier Operations
In the Objective of [1], it was agreed that the following scenario should be studied:

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.
In terms of “…where the carrier(s) is /are dedicated to LTE-based V2X services…”, the above agreement indicates that Multiple Dedicated V2X Carriers should be considered as a potentially agreed operating scenario for LTE-V2X study. 
However, in R12 the UE can only perform sidelink communication on one carrier at any time, no matter this carrier is different from or the same as that of Uu operations; so  if the existing sidelink communication technology is applied to V2X services without any enhancement, then single carrier operations over the dedicated spectrum can be supported. That means, if directly applied, current sidelink communication does not work to support the multiple dedicated carrier scenario. To this end, RAN2 is suggested to study the multiple dedicated carrier operations as a potential enhancement of PC5 transport for V2X, so as to support the potentially agreed dedicated multiple carrier scenario above. 
Observation 2: The sidelink communication specified in R12 does not support sidelink operation on multiple carriers. 

Proposal 1: RAN2 is suggested to study the multiple carrier operations for sidelink communication, so as to enable V2X transport for the scenario of multiple dedicated carriers. 

Moreover, asV2X is basically a safety application, it is required that each vehicle should receive the V2X messages from all the other adjacent vehicles in order to avoid traffic accidents as possible; so for the multiple dedicated carrier scenario, one vehicle should be able to receive the V2X messages from other neighboring vehicles, no matter on which carrier they are operating V2X services.  In such a case, as a possible solution of the multiple dedicated carrier operations, a vehicle should be able to transmit V2X messages over at least one carrier but receive V2X messages from the multiple V2X carriers.  

Proposal 2: For the scenario of multiple carriers, a vehicle should be able to transmit V2X messages over one carrier but receive V2X messages from the multiple V2X carriers.  
On the other hand, according to the discussion in RAN1, the dedicated V2X carriers are likely on the high frequency (e.g., 5.9GHz). It is possible that the vehicle cannot find any cell on the V2X carriers but can find cells on other legacy Uu carriers. In existing sidelink communication, if a UE cannot find a cell on the ProSe carrier, the UE considers itself out of coverage on the carrier, and can only perform sidelink communication with pre-configured resources using UE autonomous resource selection. The performance of UE autonomous resource selection heavily relies on how resource pools are configured. However, the resource pools for OoC cases are statically preconfigured by current PC5, which means these pool configurations are unable to be adjusted according to realistic NW situations, e.g.  UE numbers, service types, radio conditions, channel qualities, etc.  So compared with the pools configured via SIB or dedicated signalling in the eNB control, such pool per-configurations for OoC usage are not flexible enough that may further arouse performance loss of PC5 resource allocation. In order to better control the resource allocation by networks and to improve the performance of PC5 for V2X, sidelink communication needs to be enhanced to support that a carrier can configure resources for sidelink communication on other V2X dedicated carriers. 
Proposal 3: In order to better control the resource allocation by networks and to improve the performance of PC5 for V2X, sidelink communication needs to be enhanced to support that a carrier can configure resources for sidelink communication on other V2X dedicated carriers.  
2.2 Potential Enhancements for resource allocation 
Besides the dedicated carrier scenario, to use carrier(s) on LTE licensed spectrum is another agreed operating scenario that needs to be considered by the SI as well. In this scenario, the vehicle UE is usually in the coverage of E-UTRAN on the LTE licensed spectrum.
Regarding licensed carrier scenario, two potential enhancements, which are respectively related to mobility management and resource allocation over licensed scenario, are identified for PC5 as follows. 

2.2.1  Potential Enhancements for High Mobility
Vehicles are commonly with high mobility on the road. Hence, it is quite likely that vehicle UEs in RRC Connected needs to do handover rather frequently with respect to the licensed carrier scenarios.  
However, during the handover of current PC5, a UE has to first receive SIB18 of the target cell to update pool configurations before it can receive any transmissions over PC5. This means, if directly applying current handover mechanisms, vehicle UEs are going to Miss the V2X messages sent from other vehicles nearby during receiving SIB 18 of the target cell, which results in service intermittence for V2X during handover. Further considering the fact that vehicle UEs have to conduct handover quite often due to high mobility, V2X services over PC5 are thus likely to experience frequent intermittence.  It may raise the risk of road accidents in case some critical V2X messages are frequently missed.  
Concerning the above problem, therefore, RAN2 may need to study necessary enhancements for PC5 handover process, so as to well support V2X services in the case of vehicles’ high mobility over the licensed carrier. 
Observation 3: As a potential issue regarding mobility management, current handover may lead to service intermittence for V2X services on PC5; moreover, with vehicle’s high mobility, this problem is probably to happen frequently and may further raises the risk of road accident. 
Proposal 4: RAN2 is suggested to study potential enhancements to well support V2X services with vehicle’ high mobility.  

2.2.2  Potential Enhancements on Periodic V2X Traffic
V2X messages are commonly periodic traffic with messages generated periodically in most cases. This periodicity of V2X message have already been captured by RAN1 and agreed as an important characteristic for the traffic model set up in [2] for V2X evaluation. 

By applying the periodicity of V2X, the PC5 resource allocation can be enhanced to support V2X services over licensed carrier(s). For instance, semi-persistent scheduling (SPS) like mechanism could be introduced for scheduled resource allocation based on V2X’s periodicity, which can reduce potentially high scheduling overheads needed by PC5 transport for V2X. As another example for UE autonomous resource selection, a vehicle UE may autonomously select a series of periodic resources for the periodic V2X messages and claim to its neighbour vehicle UEs that these periodic resources are already occupied as if these resources are “reserved” for this UE. After receiving this “reservation” indication, other UEs may not access any of these resources and therefore reduce the possibility of resource collision. 
Proposal 5: RAN2 is suggested to study potential enhancements for resource allocation schemes of sidelink communication (i.e., for scheduled resource allocation and/or UE autonomous resource selection) based on the periodicity of V2X services.  
3 Conclusion
In this contribution, some issues and potential enhancements related to PC5 transport of V2X services are identified from RAN2 perspective. Some proposals are proposed as follows. 
Observation 1: Sidelink Communication should be used for PC5 transport for V2X services. 
Observation 2: The sidelink communication specified in R12 does not support sidelink operation on multiple carriers. 

Observation 3: As a potential issue regarding mobility management, current handover may lead to service intermittence for V2X services on PC5; moreover, with vehicle’s high mobility, this problem is probably to happen frequently and may further raises the risk of road accident. 
Proposal 1: RAN2 is suggested to study the multiple carrier operations for sidelink communication, so as to enable V2X transport for the scenario of multiple dedicated carriers. 

Proposal 2: For the scenario of multiple carriers, a vehicle should be able to transmit V2X messages over one carrier but receive V2X messages from the multiple V2X carriers.  

Proposal 3: In order to better control the resource allocation by networks and to improve the performance of PC5 for V2X, sidelink communication needs to be enhanced to support that a carrier can configure resources for sidelink communication on other V2X dedicated carriers.  
Proposal 4: RAN2 is suggested to study potential enhancements to well support V2X services with vehicle’ high mobility.  

Proposal 5: RAN2 is suggested to study potential enhancements for resource allocation schemes of sidelink communication (i.e., for scheduled resource allocation and/or UE autonomous resource selection) based on the periodicity of V2X services.  
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