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1 Introduction
Recently, work item for V2V over PC5 has been approved [1]. In TR36.885 [2], it was determined that enhancements for V2V over the baseline PC5 are required. In this contribution, we show a performance of location based resource allocation for V2V over PC5. This technique partitioned the area of interest into small ‘bins’ and the resources allocated to the transmitted vehicle is determined according to the bin the vehicle is located. We assume that the vehicles are equipped with global position system (GPS) or other position capabilities, and each vehicle holds predefined fixed mapping between bins in the area of interest to resource blocks allocation. In this technique, we get a collision in data when we have more than one vehicle per bin. We show that for these cases, we can further improve the Packer Received Ratio (PRR) by using Successive Interference Cancellation (SIC) decoder at the received vehicles.        
2 Location Based Resource Allocation using Binning Technique 
The area of interest is partitioned into bins using fixed partition. For example, bin can be rectangle with width of one lane width and length of tens of meters. In addition, there is a mapping between bins and RBs, which is known to all vehicles. The mapping is periodically with a period of base region, See Fig. 1. The mapping to RBs is done for the base region and the other regions are continuing periodically. Meaning two bins from different regions with the same orientation, (“same coset”) will map to the same RBs as shown in Fig. 1 for freeway. This structure enables several D2D transmissions to occur simultaneously with minimal interferences between them at the received vehicles in close surrounding to the transmitted vehicles. It should be noted that once the vehicle position is determined, and the packet at the transmit vehicle is ready to submit the resource scheduling is deterministic.   
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Fig. 1 Location based resource allocation using binning in freeway 
The base region size is determined according to the desired V2V communication range. On the other hand, in each bin there might be few vehicles (small number), which mapped to the same RBs and interfered each other. The PRR in this case can be improved using SIC decoder at the received vehicles.

The mapping of base region in freeway is straightforward, which is effectively one-dimensional interval as shown in Fig. 1. For urban case with Manhattan grid two-dimensional mapping is needed, due to NLOS nature of the propagation in urban a large number of reuse of the RBs can be utilized. For urban case, we use the same guidelines like in the freeway for the mapping (we omit the details of the mapping for urban case in this contribution). 
Clearly, this technique can be used for in coverage (mode 1 D2D) and out of coverage (mode 2 D2D). This technique can optimize the number of vehicles that fall in the same bin by changing the base region size or by increasing the scheduling period (effectively increasing the latency). Changing the base interval size will decrease the PRR for remote vehicles (above 400m). While changing the scheduling period will increase the latency with the same performance.  

Proposal 1: Location based resource scheduling based on binning can be use in in coverage (mode 1) and out of coverage (mode 2).
2.1 SIC Decoder

The unique structure of the location based resource allocation using binning allows very simple SIC decoder. Since all vehicles, which fall in the same bin and have data to send, transmit their data in the same RBs (which is not true for baseline system with random allocation). Let us define this group of vehicles as interfered set. The receiver decodes each transmitter separately from the interfered set. The transmitter(s) that are decoded successfully are subtracted from the received signal. Then in the next iteration, the un-decoded transmitters from interfered set are decoded separately. The process is ended when all transmitters have been decoded or no additional transmitter has been decoded in the current iteration.      

3 Simulation Results
Simulation results are shown in this section for several scenarios. The simulation considered the average PRR and the PRR CDF, for Freeway and Urban. The results for location (Geo) based using binning are shown for base region in freeway is with length of 866m as shown in Fig. 1. In urban case, the base region is half-square in Manhattan grid (effectively triangular). The results for the Geo based is shown also for SIC decoder. We compare the performance to two re-transmissions with and without soft combining (SC), In [5], it was shown that four re-transmission has poorer performance compared to two re-transmission with or without SC. The baseline system has 4 (TTI) segments with random scheduling. The results are shown in Fig. 2 to Fig. 5:
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Fig. 2 Average PRR and PRR CDF for Freeway with speed 70kmph, 16 QAM and code rate 0.5
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Fig. 3 Average PRR and PRR CDF for Urban with speed 60kmph, 16 QAM and code rate 0.5 
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Fig. 4 Average PRR and PRR CDF for Freeway with speed 70kmph, QPSK and code rate 0.5 

Fig. 5 Average PRR and PRR CDF for Urban with speed 60kmph, QPSK and code rate 0.5
The above results show that for freeway the improvement for location based resource scheduling using binning with SIC decoder is significant, while for urban the improvement is limited. The reason for this is due to the fact that in freeway the cross interferences between two transmitters, which transmit on the same RBs, is more critical than in urban case. In urban the main loss is due to path-loss between transmitter and receiver. In this case, the performance of the SIC decoder are close to optimal performance, i.e., close to the case that we ignore the cross interferences between vehicles that transmit on the same RBs (not shown in the above figures). Furthermore, the performance of location based resource scheduling using binning with SIC decoder is almost ignorant to the MCS for the cases that we have simulated.
Proposal 2: Location-based resource scheduling using binning with SIC decoder improves PRR for both freeway and urban cases.  
4 Conclusions
In this document, we discussed resource scheduling for V2V communication. We suggest:
Proposal 1: Location based resource scheduling based on binning can be use in in coverage (mode 1) and out of coverage (mode 2).

Proposal 2: Location-based resource scheduling using binning with SIC decoder improves PRR for both freeway and urban cases.  
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