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1. Introduction 
According to the agreed feasibility study on LTE-based V2X services SID, the necessity of PC5 enhancement has been addressed [1].
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.
This document lists several identified PC5 enhancements worth treating as high priorities, by considering finishing the V2X study within the timeframe agreed. 
2. PC5 enhancements for V2X services
· Synchronization 

In Rel-12 D2D, the MIB-SL which includes timing information adopts a fixed periodicity of 40 ms without repetitions. It imposes challenges to fulfil the V2V applications with a maximum latency of 100ms, especially when each vehicle maintains its individual clock no matter it comes from its serving eNB or from the other UE. The lost or tardy timing synchronization prevents the efficient spread of critical messages. Having all the vehicles use the same synchronisation source would improve the acquisition of timing when they need to communicate with one another. Hence, global synchronization schemes as well as their priorities with existing synchronization sources needs more consideration. Moreover in V2X applications, when vehicles enter into some areas which can’t be covered by eNBs, the tunnels for example, it’s crucial to send out up-to-date warning messages in emergency cases. Here forwarding of the global synchronisation signal by V2X UEs that remain under sync signal coverage is important.
Proposal 1: Synchronization should be enhanced on PC5 for V2X.
· High Doppler adaptation 
Furthermore, in order to support maximum relative velocity of 280 km/h, the rate of change of maximum relative velocity and the carrier frequency at which V2V services may be operating, the introduced Doppler shift will make precise frequency tracking very challenging. The frequency tracking performance only based on existing reference signals may not be sufficient, meaning that the use of more frequent reference signals should be investigated. High speed in V2X will not only impose the difficulties in frequency tracking but also in channel estimation hence impacting the data receiver performance. Then the DMRS pattern enhancement along with its signalling, as well as advanced receiver or adaptations to the physical channel processing chain should be paid more attention to.
Please refer to our companion contribution [2] for a detailed explanation. 

Proposal 2: Solutions to ease high Doppler should be investigated on PC5 enhancement for V2X.      
· Resource allocation
In V2X communications whenever the PC5 resources can be allocated and coordinated by the network (Rel-12 D2D scheduled resource allocation), there is an opportunity to enhance the resource allocation functionality of the central node for V2X services. Where the infrastructure side is managed by RSUs, such an RSU would be the ideal entity to manage the resource allocation within its coverage. Compared with eNB-wide resource allocation for V2X, the RSU is closer to the end user (i.e. vehicle) and such local centralized resource allocation could have the advantage of autonomy and flexibility, as well as to reduce the signalling overhead on eNB. While in certain areas, the lack of infrastructure will increase the difficulty to manage resource efficiently. The grouping of resources as well as their allocation/re-allocation schemes should be considered especially in these scenarios, by taking the real time complex road/traffic situations into account where e.g. the merging and diverging lanes and different speeds constitute challenges in radio resource management.
As a semi-predefined manner of scheduled resource allocation, SPS (Semi-Persistent Scheduling) will be beneficial for V2X for improving latency performance as well as to reduce the signalling overhead. The SPS resource configuration, detailed SA contents for SPS should be designated, together with the duty cycle design.

Please refer to a detailed explanation of PC5 enhancements on resource allocation in our companion contribution [3]. 
Proposal 3: Resource allocation related issues should be involved for PC5 enhancement for V2X.              
· Power control
V2X services are expected to support the frequency of 10 messages per second. By considering the dense vehicle situations, the potential message quantities would be quite large. Some vehicles may receive redundant messages from their neighbours, which is obviously unnecessary and a waste of radio resources. Furthermore, the flooding of redundant messages could impede the transmission of life critical messages. Power control is one of the effective methods to adjust the receive range of the broadcast messages, hence improve the resource utilization and reduce unnecessary message flooding. On the other hand, in certain rural areas, the power control strategies should be different from the ones in dense scenario in order to enable longer distance discovery and communications. Flexible power control scheme needs more consideration.
Interference is the challenging issue, especially in the case where the time/frequency resources are limited like shared carrier co-existing with D2D and cellular traffics. The situation could even worse in dense vehicle scenario which is one of target use cases for V2X services. Rel-12 in coverage D2D power control scheme relies on the pathloss estimation of the UE to its serving eNB, which is not enough for V2X. The precise power control by taking the signalling overhead into consideration is vital for the guarantee of V2X service quality.

Proposal 4: Power control should be enhanced on PC5 for V2X.   
· Instantaneous link quality deterioration management
Due to the dynamic environment of V2X services applying to, it may encounter instantaneous link quality deterioration occasionally. For example, the direct radio link between two vehicles may be impacted by shadowing caused by an unexpected obstacle or it may experience worse propagation channel by the surrounding skyscrapers in an intersection, or at very high speed. The V2X service quality should not compromise because of the bad transmission environment. The enhancements on Rel-12 D2D discovery/communication need to be considered to tackle with instantaneous link degradation.        
Proposal 5: Solutions to tackle with instantaneous link quality deterioration should be addressed on PC5 enhancement for V2X.    
3. Conclusion

This document elaborates the necessities to enhance Rel-12 PC5 for V2X services, as well as to identify the potential areas of the enhancement need to be handled as high priority. We therefore propose that RAN1 to consider solutions in these areas for Rel-13 V2X study.
Proposal 1: Synchronization should be enhanced on PC5 for V2X.
Proposal 2: Solutions to ease high Doppler should be investigated on PC5 enhancement for V2X.
Proposal 3: Resource allocation related issues should be involved for PC5 enhancement for V2X.  
Proposal 4: Power control should be enhanced on PC5 for V2X.   
Proposal 5: Solutions to tackle with instantaneous link quality deterioration should be addressed on PC5 enhancement for V2X.    
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