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1
Introduction
One of the objectives of LTE-based V2X study item is to investigate potential enhancements for vehicular services as follows [1]:
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]

In last RAN1#82bis meeting, the following agreement has been reached [2]:
· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

In this document, we will discuss possible approaches to avoid resource collision especially for V2V operations in out-of-network coverage.
2
Possible Approaches for Collision Avoidance
For V2V operations in an out-of-network coverage, distributed resource allocation is essential and thus collision may happen because there is a possibility that multiple vehicles (UEs) select the same resource at the same time. In this section, we discuss the possible approaches to avoid resource collision for V2V.
LBT (Listen-Before-Talk) for identification of occupied resources
One simple way of reducing resource collision could be that transmitters avoid potential collisions in advance by means of LBT (Listen-Before-Talk). Even if LBT could be implemented by a carrier sensing mechanism used in the CSMA scheme, it would not be appropriate for V2V for the following reasons. From a performance perspective, the result of energy-sensing may not be accurate due to high Doppler and in-band emission , and sometimes this situation could make collision problem severer. In addition, from a standardization work perspective, introducing a sensing-based scheme would not be a good way because there will be lots of works to standardize, e.g. specify new measurement, sensing threshold, etc. 
On the other hand, since a UE has to always decode other UEs’ SA for the reception, reading other UEs’ SA before the transmissions can be naturally exploited by UEs to reduce potential collisions. However, basic assumption of operating this mechanism is that the resources occupied by other UEs in current period will still be occupied by them in next period. Another assumption is that the amount of resources (the number of PRBs) is not enough as compared to the number of UEs to access the resources. 
Proposal 1: If collision avoidance mechanism is needed in out-of-network coverage scenarios, reading other UEs’ SA is more appropriate than an energy-sensing based scheme.
Reducing the probability of concurrent access to the same resource
Even if collision avoidance mechanism by reading other UEs’ SA is introduced, collision problem may still exist because it is possible that multiple UEs select the same resource (e.g., not occupied resource in current period) and transmit on that resource in the next period. So, additional mechanism may be needed to randomize this collision. A straightforward approach is to adopt a random waiting scheme similar to a back-off mechanism. In other words, if a UE reads other UEs’ SA and detects the resource is not occupied, the UE has to wait for its transmission until a timer expires. 
This back-off concept can be implemented by other ways like random offset or random probability. For example, if a UE detects an available resource (an unoccupied resource) by reading other UEs’ SA in current period, the UE will randomly select an offset and wait for its transmission until the offset is reached. Regarding random probability, the concept of probability “p” defined in Rel-12 D2D discovery can be reused. These back-off mechanisms can further randomize collision probability but they can increase latency. Thus, the trade-off between collision probability and latency should be investigated.
Proposal 2: If enhanced collision avoidance mechanism is needed in out-of-network coverage scenarios, back-off, random offset or random probability can be taken into account and trade-off between collision probability and latency should be investigated.
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Conclusion
This document has discussed possible approaches to avoid resource collision especially for V2V operations in out-of-network coverage. We made following observations and proposals:
Proposal 1: If collision avoidance mechanism is needed in out-of- network coverage scenarios, reading other UEs’ SA is more appropriate than an energy-sensing based scheme.
Proposal 2: If enhanced collision avoidance mechanism is needed in out-of- network coverage scenarios, back-off, random offset or random probability can be taken into account and trade-off between collision probability and latency should be investigated.
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