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1
Introduction

In the LTE V2X WID [2], the objective for V2P design is as follows:
“To specify enhancements for support of V2P service, at least including:
a) Random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs [RAN1, RAN2]
b) Authorization for pedestrian UEs, if necessary [RAN3, RAN2]”
In this contribution we discuss PC5 based V2P communication. The structure of this contribution is as follows:

· Section 2 discusses details of V2P design.
· Section 3 presents some system simulation result.

· Section 4 concludes this contribution. 

2
V2P Design
One design issue for V2P is whether pedestrian UEs should have a resource pool separate from the pool used by vehicle UEs. A separate resource pool for pedestrian transmissions from the V2V resource pool can avoid the interference between vehicle transmissions and pedestrian transmissions given that the pedestrian UEs may select resources randomly. On the other hand a separate resource pool could leads to resource underutilization if the partitioning does not match traffic demand of pedestrian UEs and vehicle UEs respectively. It may not be easy to perform such partitioning given that the traffic demand may vary with time and location. Our view is that both options can be supported.

Proposal 1: The following two options are supported: a resource pool shared by vehicle and pedestrian UEs or separate resource pools for vehicle and pedestrian UEs.
We note that the transmission periodicity of P2V is assumed to be 1 second in simulations. Such a long period can cause safety issues when pedestrian UEs are close to high speed vehicles. For example, a vehicle travelling at 140km/hr moves nearly 40m within a second. If a pedestrian UE can receive V2V messages, it can use those to decide its periodicity of pedestrian messages. If the messages received from vehicle UEs include the messages transmitted by vehicles with high velocity, then the periodicity of pedestrian messages can be shorter and vice versa. This behaviour can be left to UE implementation and does not need to be standardized.

Observation 1: If a pedestrian UE can receive V2V messages it can use the information in those messages to decide its periodicity of pedestrian messages. This behaviour can be left to UE implementation and does not need to be standardized.
3
System Level Simulations

We simulated P2V using random resource selection or using limited-time sensing for Urban 15 km/hr and 60 km/hr cases. In this simulation, there is no separate resource pool for pedestrian UE transmission, i.e., V2V and P2V transmissions can overlap. The details of sensing mechanism for vehicle UEs are given in [1]. The pedestrian UE transmits 300 bytes every 1 second. In the case of limited-time sensing, the pedestrian UEs use energy sensing results collected in the 100-ms window ahead of a packet arrival to assess the candidate subframes, and randomly chooses a subframe among the 20 lowest energy subframes. Pedestrian UEs also use the same subframe for the transmission of SA and associated Data. SA occupies 2 RBs and both 190-byte and 300-byte DATA use 18 PRB pairs. The urban grid size is a 3x3, i.e. 1299m x 750m. The results are illustrated in Figure 1 and Figure 2 below.
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Figure 1: P2V and V2V-with P transmitting Packet Reception Rate versus Distance for Urban Scenario (60km/h)
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Figure 2: P2V and V2V-with P transmitting Packet Reception Rate versus Distance for Urban Scenario (15km/h)
We make the following observations.

· V2V performance degradation due to the pedestrian UE traffic is negligible (see [1]). This is mostly due to the fact that P2V transmission occurs every second instead of every 100ms (for V2V). Another reason is that the antenna gain for pedestrian UE is 0dB instead of 3dB for the case of vehicles UEs.

· P2V messages has worse performance compared to V2V. This is due to the fact that pedestrian UEs use no sensing or limited-time sensing and have smaller antenna gain (hence smaller transmitting power). This should be acceptable since the communication range for P2V is half of that of V2V.

· Limited-time sensing provides some performance gains compared to the case of random selection. 

· The benefit of sensing is higher in the case with higher traffic density (e.g., the 15km/hr case).
Observation 2: The scheme with random resource selection in a resource pool shared by P2V and V2V can have acceptable performance. Limited-time sensing provides some performance gains at the cost of extra energy consumption and the extra requirement of receiving capability of pedestrian UEs. The benefit of sensing is higher in cases with higher traffic density.
4
Conclusion

In this contribution we made the following proposals and observations for sidelink based V2P.

Proposal 1: The following two options are supported: a resource pool shared by vehicle and pedestrian UEs or separate resource pools for vehicle and pedestrian UEs.
Observation 1: If a pedestrian UE can receive V2V messages it can use the information in those messages to decide its periodicity of pedestrian messages. This behaviour can be left to UE implementation and does not need to be standardized.
Observation 2: The scheme with random resource selection in a resource pool shared by P2V and V2V can have acceptable performance. Limited-time sensing provides some performance gains at the cost of extra energy consumption and the extra requirement of receiving capability of pedestrian UEs. The benefit of sensing is higher in cases with higher traffic density.
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