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1. Introduction

      The objectives of the WF on UE autonomous resource selection principles [1] is to investigate potential enhancements for mode 2 resource allocation via collision avoidance, enhanced resource selection, and geographical location. However, the details of the approaches and the combinations of methodologies are for FFS. 
	R1-157603
· Enhancement to UE autonomous resource selection
· Collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.
· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.
………
· Details FFS




In this contribution, we discuss the suitability of P1 and P2 combination.  We also provide the simulation results for resource hopping with carrier sense and enhanced random resource selection.
2. Discussion on Resource Allocation Enhancements  
For UEs which are OOC, i.e. cannot connect to the eNB due to either interference or location, and need to communicate with other UEs, they must resort to using D2D mode 2 resource selection methods. In mode 2 resource allocation, the UEs autonomously select resources using a pre-defined resource pool. As a vehicle may be OOC or unable to connect to the eNB, a vehicle will also make use of mode 2 autonomous resource selection.
In terms of resource selection, Rel-12 mode 2 resource selection [1] randomly selects a resource to use, then transmits on the same sequence of two resources during each SA period, i.e. there is a 1:1 mapping from the first resource to the second resource. As illustrated in Fig. 1, the 1st idle resource (yellow) maps to the 2nd one (yellow). Also, Rel-12 mode 2 resource allocation does not use collision avoidance techniques to determine if the allocated resources are in use or not. The problem with Rel-12 resource selection is that once the 1st resource is selected, the 2nd resource is determined with no probability of using a different resource.  As the number of UEs increases, this leads to a higher chance of collision.  Suppose there are N (e.g., N=32 in Fig. 1) physical resource blocks (8x8 PRB in SA phase), then there are only N different combinations of SA resources which will not experience a collision.
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Figure 1. 1:1 mapping idle resources in the SA transmission phase ( 8x8 PRB in SA phase)
Unlike Rel-12 mode 2 resource allocation, resource selection based on collision avoidance with sensing (P1) and resource hopping selects a different set of resources to test each SA period.  When the UE is not transmitting, it will avoid collision based on carrier sensing multiple mode 2 resources. After the first selection is randomly determined, based on the 1:1 mapping rule mentioned above, the UE knows which resource is idle for the 2nd SA transmission. With slightly enhancement to Rel-12 selection method, the UE may either use the 1:1 mapping rule or randomly select among the potentially idle resources (a resource in the 2nd set of resources is potentially idle if during the carrier sense phase, the 1st set of resources were idle.)  The end result is a reduction in the rate of SA collisions. Since SA content includes data transmission as well, data collisions are also expected to decrease. 
For V2X [2], due to the mobility of the UE and need to quickly establish communication with other mobile or stationary devices, we propose an alternative method of resource selection based on collision avoidance and enhanced resource selection [3]. We call the proposed resource allocation approach “resource hopping”. 
Simulation Methodology

Based on Rel-12 mode 2 resource allocation, we suggest adding collision avoidance with sensing (P1) and resource selection enhancement (P2). This approach clearly reduces SA collision probability and data collision probability as shown in Fig. 2 and 3. For our system simulation, we simulated a VoIP traffic model, based on [4] and [5] with and without resource hopping.  When resource hopping is used, the UE has a 50% probability of deviating from the 1:1 mapping rule.
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Figure 2: Resource selection Release 12 versus resource hopping (SA collision probability)
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Figure 3: Resource selection Release 12 versus resource hopping (Data collision probability)
Observation 1: As shown in Fig. 2 and Fig. 3, resource selection using Rel-12 resource selection pattern results in high rate of data collision / SA collision, yet when resource hopping is used the rate of collision / data corruption is reduced. Data collision probability is defined as the ratio of data corrupted to the total transmitted data. SA collision is defined as the ratio of the number of transmission collisions in the SA phase to the total number of transmissions.
Proposal 1:  The combination of P1 and P2 is required to improve V2V resource allocation. 
Proposal 2:  Resource selection enhancement should make use of resource selection hopping. 
3. Conclusions
In this contribution, we discuss SA/data collision reduction based on the combination of collision avoidance with sensing and enhanced resource selection.  
Proposal 1:  The combination of P1 and P2 is required to improve V2V resource allocation.  

Proposal 2:  Resource selection enhancement should make use of resource selection hopping. 
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