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1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for all the three V2X services, V2V, V2I, and V2P. This contribution discusses potential enhancements for PC5-based V2V according to the following SID objective: 
2) 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.
2. Discussions
2.1. Channel structure 

Due to tight schedule for PC5-based V2V, it is desirable to reuse legacy LTE frame structure as much as possible. If numerology and/or waveform are changed, RAN4 requirements and frame structure should be re-defined and re-discussed. LTE PUSCH structure is a starting point of LTE V2X frame structure. Feasibility of LTE PUSCH structure should be studied. One consideration point it that significant frequency offset can be observed in 5.9GHz carrier frequency. In TS36.101, the UE modulated carrier frequency shall be accurate to within ±0.1 PPM. Thus 0.2 PPM frequency error (i.e. 1180Hz (=5.9*109*0.2*10-6) frequency offset at 5.9GHz carrier) can be occurred between UEs. Also up to 280km/h relative velocity should be supported in PC5-based V2V [2] and this will cause 1529.6(=280*103/3600*5.9*109/c) Hz Doppler frequency shift at 5.9GHz carrier. For PC5-based V2V at 5.9GHz, current PUSCH DMRS structure may not be suitable for frequency offset estimation and compensation. To solve this issue, inserting more reference signals within a subframe or redesigning RS structure could be taken into account for PC5 based V2V. 
Observation 1: For PC5-based V2V, LTE PUSCH structure can be baseline. Further study for feasibility of reusing LTE PUSCH structure/numerology is necessary. At 5.9 GHz carrier, additional RS structure can be considered. 
2.2. Faster synchronization 
In rel. 12/13 D2D, out-of-coverage UE should accumulate at least 10 SLSSs for acceptable synchronization performance due to large initial frequency offset of out-of-coverage UE. This causes significant latency just for synchronization. For faster synchronization between PC5-based V2V communication, GNSS aided synchronization can be considered.  Nowadays, most of vehicles have GNSS receiver for navigation purpose. Using GNSS timing and frequency can be used for synchronization of PC5-based V2V. For example, each vehicle UE can determine D2D (sub) frame boundary and frame number without reception of other UE’s synchronization signal due to the time clock for subframe boundary obtained from the GNSS signal reception. If there is a UE wants to transmit data, the UE can transmit data directly in a selected subframe(s) based on GNSS clock. If GNSS based synchronization is supported for V2X communication, synchronization signal transmission for UE-to-UE time/frequency synchronization is an auxiliary purpose for vehicle UEs with no or loss GNSS synch. For example, time/frequency synchronization of vehicles within a tunnel or under bridge can be synchronized by listening to other vehicle’s SLSS. The periodicity of transmission of V2V synchronization purpose signal such as SLSS can be much increased compared with Rel. 12/13 D2D if vehicles have marginal clock drift. In addition, if there is an eNB or RSU providing UTC (coordinated universal time) at any carrier, the eNB/RSU can helpful for fast synchronization of PC5-based V2V.  
Observation 2: For faster synchronization of V2X, GNSS aided synchronization can be considered for PC5-based V2X communication. 

2.3. Multi-carrier support 

When the vehicle density is high in traffic jam, single carrier operation may not solve the interference issues and may not meet the V2X requirement due to high interference. Distributing data traffic load to multiple carriers can solve this issue. Transmission capability over multiple carriers at single UE perspective may not be easily increased due to coverage issue. However, it is relatively easy to implement reception capability for multiple carriers, and this can be helpful for communication of different UEs in different carriers. System-level benefit of operating PC5-based V2V over multiple carriers should be studied and solutions to enable efficient multi-carrier operations should be considered. 

Observation 3: Multi-carrier operation in consideration of Tx/Rx capability should be taken into account in PC5-based V2V. 

2.4. Lower channel access latency

To meet 100ms end-to-end latency referring from [2], reusing the scheduling assignment based data transmission in rel. 12/13 may be inefficient. In this case, if a UE misses one SA pool, e.g., when the UE enters the target range of a certain transmitter just after the SA pool, the UE will lose all the D2D transmissions in the SA period. In addition, since a UE is allowed to transmit SA only when it has some data to transmit in the current D2D specifications, it should wait until the next SA period if a new message is generated after an SA pool. These problems may be alleviated to some extent if the shortest SA period, 40 ms, is used, but this will eventually increase the control signaling overhead. Thus, enhancement is necessary for lower channel access latency, i.e., each UE should be able to start to transmit and receive data at any time. The motivation of SA based data transmission is reduce the power consumption of receiver UE, but vehicle has more freedom for battery consumption issue since car usually has significant capacity of battery. Therefore, receiver vehicle UE can monitor all subframes and transmitter UE can transmit data at any subframe(s). This will reduce channel access latency significantly compared with SA based data transmission scheme. For PC5-based V2V, data pool with no SA pool can be configured and data transmission can occur at any subframes within a resource period. In this operation, control information to deliver resource allocation, MCS, power, ID, and etc. can be transmitted with data in the same subframe. Fig. 1 shows an example of PC5-based V2X resource allocation. Note that in this figure, the control information can be transmitted in any subframe, but frequency resource for transmitting control information can be limited in (pre)configured resources. This is to reduce blind decoding complexity of receiver UE. 
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Figure. 1 An example of PC5-based V2X resource allocation
Observation 4: For PC5-based V2X, reusing the scheduling assignment based data transmission in rel. 12/13 may be inefficient.
2.5. Reliability improvement 

Due to limited time in rel. 12/13 D2D discussion, sensing based resource allocation is not specified. For better reliability, sensing based resource allocation could be considered in PC5-based V2X. As illustrated in fig. 1, one control information indicates resource allocation for next several subframes. If a transmitter UE detects this control message, the UE can avoid the scheduled resources. Also if the received control message indicates higher priority message transmission such as event triggered V2X message, the transmitter UE can silent for that indicated subframes.  

Also vehicle may have more freedom to implement multiple transmit and/or receive antennas than typical hand held UE. Therefore, for reliability improvement, multiple antenna operation as well as sensing based resource allocation could be taken into account.
Observation 5: For better reliability in PC5-based V2V, multiple antenna operation as well as sensing based resource allocation could be taken into account.
2.6. Utilization of vehicle specific information for resource allocation/configuration 

Resource pool configuration or resource allocation can be adjusted by vehicle density and mobility. In V2X, resource pool can be separated according to vehicle specific information such as heading, lane, mobility, location and etc. Vehicle moves along the road and heading value is static at least in straight road. If resource pool is separated according to heading value, relative velocity can be reduced within a subframe and this can reduce inter-carrier interference between UEs. 
Average velocity and density between different lanes or heading can be different. For example, some lane can be dedicated for public transportation vehicle and the vehicle density of the dedicated lane is much lower than other lanes. For another example, the vehicle density and average velocity in driving lane could be very different with that of the opposite lane. So, it could be beneficial if resources are configured such that interference from one lane to another is kept at the acceptable level which may be dependent of the vehicle density at each lane.
Observation 6: Vehicle specific information such as heading, lane, mobility, location, and etc. could be helpful in resource configuration and/or allocation.  
3. Conclusion
This contribution discussed potential enhancements for PC5-based V2V. Based on the discussions, the following observations were made:

Observation 1: For PC5-based V2V, LTE PUSCH structure can be baseline. Further study for feasibility of reusing LTE PUSCH structure/numerology is necessary. At 5.9 GHz carrier, additional RS structure can be considered. 
Observation 2: For faster synchronization of V2X, GNSS aided synchronization can be considered for PC5-based V2X communication. 

Observation 3: Multi-carrier operation in consideration of Tx/Rx capability should be taken into account in PC5-based V2V. 

Observation 4: For PC5-based V2X, reusing the scheduling assignment based data transmission in rel. 12/13 may be inefficient.

Observation 5: For better reliability in PC5-based V2V, multiple antenna operation as well as sensing based resource allocation could be taken into account.

Observation 6: Vehicle specific information such as heading, lane, mobility, location, and etc. could be helpful in resource configuration and/or allocation.  
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