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1
Introduction
During RAN WG1 Meeting #84, contribution [1] summarized the offline discussion results and it was proposed to agree on:
· Geo-information (e.g. vehicle location) signaled in the radio layers can be used by eNB, e.g., for sidelink resource allocation.
Some companies proposed to use geo-based transmission (location based resource selection schemes), i.e. reuse of spectrum resources at different geographical locations for a group of vehicles which are close to each other [2][3]. 
In the final report of 3GPP TSG RAN WG1 #83 [4], it was agreed that the resource allocation principles could consider potential adaptation mechnisms based on e.g. vehicles density, to improve performance.

Based on above conclusions and proposals, in this contribution we discuss some potential enhanced resource allocation and selection mechanisms based on e.g. geo-information, traffic density, vehicle velocity/direction etc. The contribution is organized as follows:

· Section 2 discusses more flexible resource allocation schemes
· Section 3 discusses Mode 2 resource selection schemes

· Section 4 concludes the contribution 
2
Enhancement to resource allocation
To reduce the impact from in-band emission and near-far problem and co-channel interference, it was proposed that the orthogonal in time spectrum resources are associated with different geo regions (zones) and the the vehicles in the same zone share the same sub-resource-pool. The same sub-resource-pool can be reused in zones for example two times V2V communication range away. We further conside the improvements of such schemes.
Case 1. More flexible sub-resource-pool allocation according to traffic density
Although fixed resource pool allocation for different zones is the most easy way to implement, it is with potential benefit if the sub-resource-pool can be allocated in a more flexible way. Considering the fact that in the same zone, the traffic density could be very different during different time interval, for example, the traffic density is higher in the peak hours than the other times of a day. Different zones with the same size may also contain very different number of vehicles at given time. Therefore fixed and evenly divided sub-resource-pool can not capture such dynamic situation. 
Proposal 1: support schemes so that the sub-resource-pool for zones can be allocated in a more flexible way according to e.g. traffic density in the zones.
The principle should be the zones with high traffic density can be allocated with more resources and the zones with low traffic density should be allocated with less resource. Therefore the zones with the same region (size) may have different amount of resource in their sub-resource-pools, and the same zone at different time may have different amount of resource in its sub-resource-pool. The traffic density in zones can be obtained via geo-information or from the assistance of RSU/eNB.  The sub-resource-pool can be allocated by the eNB via signalling or can be decided by the vehicles in a pre-defined deterministic way according to e.g. predefined traffic density thresholds and predefined resource pool level. 
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Figure 1: Example of flexible sub-resource-pool based on traffic density
Case 2. Special sub-resource-pool allocation according to vehicle’s speed
With the geo-based resource allocation, different zones have different sub-resource-pool, and vehicles enter different zones need to sense/select/reselect resource within the new sub-reource-pool. This may increase latency as the vehicles need to sense and wait for available resource and may couse more potential collision. The situation could be more serious for vehicles with high speed as they are more frequent to enter different zones. This case is somehow similar to the mobility issue in cellular network. Considering the fact that there may also exist some special vehicles which usually drive with higher speed and with higher security consideration, for example fire engines and ambulances, it is desirable to have special sub-resource-pool for those vehicles. The special sub-resource-pool will not change frequently as the normal sub-resource-pool via geo-location. Instead, the special sub-resource-pool is independent to the geo-location and “always” serves for those special high-speed vehicles. By this meas, the vehicles with high speed can avoid frequent sub-resource-pool change and need not to reselect the resource frequently. Combining the semi-pesistent transmission scheme, these special vehicles can have more constant resource to transmit. This scheme is also applicable to highway scenario with different speed for different lanes.
Proposal 2: support schemes so that the high-speed vehicles can be allocated with geo-location independent special  sub-resource-pool.
Whether or not allocating the special sub-resource-pool to a vehicle can be determined by eNB or by vehicles themselves according to some predefined mechanism with predefined speed threshold and security priority information (e.g. fire engine and ambulance may have higher security priority).
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Figure 2: Example of special sub-resource-pool based on speed

Case 3. Relative-location based sub-resource-pool allocation
As mentioned in case 2, vehicles enter different zones need to reselect resource and the reselection is more frequent if the zones are with higher the spatial reuse factor (i.e. increasing the number of geo-areas and reducing their size) . To cope with this issue, a possible solution is to set up relative-location based zones (vehicle group) instead of zones with absolute geo-location. Relative-location based zones refer to a group of vehicles whose geo-loactions are near with each other and with similar speeds. Such a group of vehicles form a relative-zone and share the same subset of resource. The subset of resource for each relative-zone is independent to the absolute geo-information and will not change during the driving at least in a fairly large range. By combining with semi-persistant transmission, once the vehicles select a resource, they can use this resource with a fairly constant way to avoid frequent resource selection/reselection. Vehicles with different directions should be allocated with different sub-resource-pool, as vehicles moving in opposite directions are more easily to encounter the merging collisions, and have larger Doppler spreads/shifts.  
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Proposal 3: support schemes so that vehicles group with with similar speed/direction and with limited distance between each other can be allocated with a subset of resources to form a relative-zone which will not change until resource reallocation occurs.
The group can be maintained by the assistance from eNB or by vehicles themselves according to broadcasted geo-information for each vehicle.
The orthogonal sub-resource pool as mentioned in all the cases can be in both time domain or frequency domain.
3
Potential Resource Selection Schemes
The data collision problem in the distributed random access case (Mode 2) for V2V communication should be avoided or mitigated, and the resource selection delay should be bounded to support the QoS requirement especially for the safety messages. Moreover, the vehicle mobility effect should be reduced to keep the network stable. Considering these requirements, and based on the above resource transmission proposals, we further discuss the potential resource selection and collision avoidance schemes for vehicles.
The Carrier Sensing Multiple Access with Collision Avoidance (CSMA/CA) similar scheme can be utilized for vehicles to select resources. When the traffic load is low, the transmission is performed in a way of suspending transmission to avoid collision without extra complex network management. Meanwhile, the back off counter can be adjusted according to the traffic density. When the traffic density is high, the back off counter should be enlarged to reduce the possible collisions and when the traffic density is low, the back off counter can be decreased to make the transmission more quickly. Moreover, the back off counter can be adjusted according to the priority of the vehicles’ transmission.
Proposal 4:  support Carrier Sensing Multiple Access with Collision Avoidance (CSMA/CA) similar scheme for Mode 2 resource selection.
4
Conclusion  
In this contribution we presented possible enhancement to resource allocation and selection. We made the following proposals.
Proposal 1: support schemes so that the sub-resource-pool for zones can be allocated in a more flexible way according to e.g. traffic density in the zones.
Proposal 2: support schemes so that the high-speed vehicles can be allocated with geo-location independent special  sub-resource-pool. 
Proposal 3: support schemes so that vehicles group with with similar speed/direction and with limited distance between each other can be allocated with a subset of resources to form a relative-zone.
Proposal 4:  support Carrier Sensing Multiple Access with Collision Avoidance (CSMA/CA) similar scheme for Mode 2 resource selection.
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