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1 Introduction

In the LTE-based V2X SID [1], there is an objective to reduce resource collision to support PC5 transport for V2V services:
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]
One of the issues with D2D mode-2 is that there is no contention mechanism. While this can be acceptable for low-density D2D deployments, V2V communication happens on a bigger scale, with more UEs involved, and more messages per UE. This can create many more collisions if no improvements to mode-2 are done. In this contribution, solutions to reduce resource collision on the PC5 interface for V2V services are discussed. 

2 Discussion
2.1 Issues
For Rel-12 mode 2 communication, a UE autonomously selects resources from a SA resource pool to transmit its control information and from data resource pools to transmit D2D data. The resource pools are semi-statically configured for in-coverage and pre-configured for out-of-coverage. Since there is no centralized controller in mode 2, each transmitting UE can select resources with equal probability from the resource pools for D2D transmission. Thus, there may be more than one UE selecting the same resources, i.e., collision happens. The collision probability of random selection was evaluated in [2]. It was identified that when the number of transmitting UEs is equal to the number of resources, the average collision probability is 63%. When the number of transmitting UEs is beyond 2.3 times the number of resources, the average collision probability is over 90% using the D2D Rel-12 evaluation methodology; implying a transmitting UE cannot obtain a resource reliably. Some schemes, e.g. sensing [3] were discussed in Rel-12, but no solution was standardized due to lack of time.
Collision for V2V is a more serious problem than for Rel-12 D2D since it could be denser than a D2D public safety deployment, especially for urban scenarios. Furthermore, a high level of collisions increases latency and it may be hard to meet the 100ms maximum latency requirement for D2D. 
Based on the above discussion and analysis, we have the following observation.

Observation: The collision problem for Mode 2 random selection is more serious for V2X than for D2D. 
2.2 Possible solutions

Since with random resource selection the collision probability is large, it is necessary to consider some enhancements to mode-2. Three possible solutions are discussed in this section.

· Sensing/detection
· Resource reservation
· eNB-assisted access
2.2.1 Sensing/detection
Before transmitting, a transmitting UE senses the resources in a preconfigured or semi-statically configured resource pool for mode 2 to learn which resources are already occupied by others UEs. The sensing can be based on e.g. energy detection. Sensing can be performed for certain duration of time to get average statistics (statistical sensing). If the interference level exceeds a predefined threshold, the resource should be considered as occupied, otherwise it is available. Through sensing, transmitting UEs can know which resources are already occupied by other transmitters and which resources are still available. Only the available resources should be selected for transmission. Sensing before transmitting can avoid selecting occupied resources.
As shown in Figure 1 with SA resource pool as an example, the blue resources are occupied while the white resources are available. After sensing, UEs determines that only the white resources are available and randomly selects a resource from the white resources for direct transmission.
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Figure 1. Sensing
2.2.2 Resource reservation

Resource reservation procedure can also be used to reduce resource collision. With resource reservation, the time-frequency resources used to transmit V2V data also carry a reservation indicator to indicate that this resource pattern will be reserved in the next transmission period(s). Other UEs, who are also going to transmit, when receiving the reservation indicator, will not select this resource pattern in the next transmission period. 
More specifically, each UE who will transmit attempts to decode all the received data before its transmission. A resource pattern consisting of SA resources and data resources is considered occupied if the associated V2V data is successfully decoded (i.e. both SA and data) and a reservation indicator is included. Otherwise it is available. The reservation indicator can be included in SA field or data field, although the SA field seems more appropriate. 
Based on the decoding procedure, each transmitting UE obtains a set of available resources before transmitting. As shown in Figure 2, the red pattern and green pattern are reserved while the white resources show the available resources still available. After this procedure, a transmitting UE randomly selects a resource pattern from the available resources and uses it to transmit V2V data and reservation indicator for a number of the following transmission periods. The transmitting UE will reselect an available resource pattern after N transmissions, if it still has data to transmit.
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Figure 2. Resource reservation
Note that the transmission period is different than the D2D SA period, and it could be configured based on the traffic characteristics of V2V services, such as 100 ms, as explained in [4].
If two UEs in proximity reserve the same resources from the available resources, a resource collision will happen in the next several transmission periods; two far away UEs using the same resource may collide as well after moving closer. This will degrade performance. A UE can mute in some transmission occasions detect whether there is transmission collision and can select another resource if needed. Some coordination information broadcasted by a third UE being detected collision on PC5 could help collision UEs to be aware of the collision, which can be used for hidden nodes case as well. 
2.2.3 eNB-assisted access
If UEs are in the coverage, collision resolution can be handled by the eNB, which may introduce additional benefit than UE autonomous sensing and reservation. 
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Figure 4. eNB-assisted access
Figure 4 illustrates a collision happening in network. Four UEs in the cell contend for three available resources. Initially, UE1 and UE2 autonomously select the same gray resource. Collision is detected by UE1 (e.g., by UE1 sensing the gray resource in its spare time). Without the eNB involvement, UE1 may select any resource that it considers available, either the green or red resource based on its own sensing. This is suboptimal because hidden node UE4 is already using the red resource. If the eNB collects the information from both UE1 and UE2, eNB can then signal UE1 that using the red resource will cause potential collision at UE2, and UE1 then can choose the green resource autonomously. eNB may even directly signal UE1 to use the green resource. 
Based on the above discussion and analysis, we have the following proposal.

Proposal 1: The following techniques should be studied to enhance Mode 2.
· Sensing/detection

· Resource reservation

· eNB-assisted access
3 Conclusion

In this contribution, the requirements and possible solutions to support ProSe Priority are discussed. 

Based on the discussion and analysis, we have the following observation and proposal.

Observation: The collision problem for Mode 2 random selection is more serious for V2X than for D2D. 
Proposal 1: The following techniques should be studied to enhance Mode 2.

· Sensing/detection

· Resource reservation

· eNB-assisted access
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