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Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1], and in RAN1#82 agreements have been reached on the simulation assumptions and operation scenarios for V2X Services [2]. In this contribution we present initial evaluation results for the urban scenario to assess the performance of PC5-based V2V based on Rel-12 D2D design. This contribution is an update to [3].
Simulation assumptions 
In RAN1#82 the following agreement was made on the baseline configuration for initial evaluation of PC5-based V2V:
Agreements:
· All scenarios and combinations captured in slide 2 should be considered in scope of the study item
· For initial evaluations for PC5 based V2V in RAN1, following scenario is proposed to simulate as a starting point for evaluation simplicity.
· Case 1A: 6 GHz band
· Case 2A: Rel-12 mode 2 resource allocation
· Case 3A: and 5A: Single dedicated carrier for V2V
· Case 4A: Single operator (e.g., common synchronization reference)

These assumptions are considered for the evaluations in this contribution. We assume the basic traffic model where periodic messages are generated every 100ms, i.e. transmission of DENM messages are not considered in this evaluation.
In addition, we assume one resource pool with 40ms periodicity, with different values for parameter k. We do not assume segmentation of packets, i.e. each 300 or 190-byte packet is transmitted using 4 TTIs due to the repetition of the same transmission in air interface, as defined in Rel-12 mode 2 resource allocation. Hence, this means that in case of k=1, 2, and 4 the size of the data resource pool in time domain is 32, 16, and 8 TTIs, respectively. Independently of the value of k, one packet is transmitted in the period.
The simulations are performed in urban scenario with 60km/h vehicle speed according to [2], however frequency offset between UEs is not modeled in these initial simulations. 

Simulation results
In this section we present the initial simulation results using the assumptions presented in Section 2. We present the results for 3 different MCS configurations, QPSK 2/5,16QAM ½ and 16QAM 5/6., to evaluate the trade-off between robustness of each message and collision probability, as the higher the MCS the lower the number of resources required in frequency domain, and hence the lower the probability of collisions. For a 300-byte packet this mean 21, 9, and 5 PRBs per UE per TTI, respectively. The size of the resource pool in time domain plays a significant role in collision probability as well, and in this case the trade-off is between resource efficiency and collision probability. 
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Figure 1: Average PRR as a function of distance with vehicle speed at 60 km/h. 

From Figure 1 it is clear that none of the simulated configurations are able to fulfil SA1 requirements. In the best case with the configuration of 16QAM ½ (9 PRBs), the PRR is about 80% and still cannot fulfil the requirement of 150m distance with 90% reliability. Nevertheless, this implies that the whole band is dedicated to a single resource pool, which is not enough to support services with lower latencies, DENM and CAM message transmissions, as well as multiplexing with Uu, if needed. One should note that the results presented here are optimistic, given that frequency offset between UEs was not modelled. Clearly the main limitations here come from the amount of collisions in air interface due to UE autonomous operation based on Mode 2, and one should expect even stronger limitations in case of 15km/h UE speeds.

Observation 1: V2V using Mode 2 D2D communications is not able to fulfil SA1’s requirements for urban scenario even if the whole carrier is dedicated to V2V, and hence further enhancements are needed, e.g. on resource allocation.

Conclusions 
In this contribution we presented initial evaluation results for the urban scenario to assess the performance of PC5-based V2V based on Rel-12 D2D design. Based on the results we make the following observation: 
Observation 1: V2V using Mode 2 D2D communications is not able to fulfil SA1’s requirements for urban scenario even if the whole carrier is dedicated to V2V, and hence further enhancements are needed, e.g. on resource allocation.
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