3GPP TSG-RAN WG1 #85                                                          
            R1-164455
23rd – 27th May, 2016

Nanjing, China
Agenda item:
6.2.9.1.2
Source: 
Qualcomm Incorporated

Title: 
PC5 for V2P
Document for:     Discussion/Decision
1
Introduction

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
During RAN1#84bis the following conclusion on V2P.

Conclusion:
· The following observations are made in PC5-based V2P/P2V.

· The scenario of P-UE TX to V-UE RX is more battery efficient than the scenario of V-UE TX to P-UE RX

· Note: this observation is made based on evaluations from a limited number of companies

· Analysis result of P-UE power consumption based on figure 1 in R1-163062 (details to be discussed during TP preparation) is captured in TR 36.885.

· For the purpose of for P-UE TX to reduce the power consumption and UE complexity, at least the followings are beneficial:

· Random resource selection.

· FFS Sensing operation during a limited time

Furthermore RAN2 made the following agreement prioritizing P2V over V2P.

· Between V2P and P2V RAN2 will prioritize study of P2V.
We further note that apart from power consumption V2P has many other limitations. A V2P signal received by a pedestrian UE may not be readily available to the actual pedestrian. A pedestrian has to take out its smartphone, unlock it, and then view the V2P message received. This will lead to precious time lost during which the pedestrian will be viewing its smartphone instead of looking at the road. This in itself may be detrimental to pedestrian safety. Furthermore a pedestrian can react to an incoming message only a human time scale, which may be too slow. By contrast, a P2V message does not involve an overhead to receive the message. It does not create a distraction where the driver needs to take his/her eyes off the road (message can be displayed in front of the driver). Furthermore automated vehicles can react to incoming messages at a machine time scale, which is much faster than human time scale. 
Observation 1: Value of V2P in providing safety is limited.

· There may be large latency overhead involved in a pedestrian retrieving a V2P message.
· The process of retrieving a V2P message may distract a pedestrian and make him/her view the smartphone screen instead of the road. This may be detrimental to pedestrian safety.
· A pedestrian can react to a V2P message only on a human time scale which may be too slow.
Therefore RAN1 should prioritize P2V rather than V2P. 
Proposal 1: RAN1 should prioritize P2V over V2P. 

We now consider resource selection for P2V. While random selection is already agreed to limited amount of sensing is also being considered. Our simulations in the next section show that random resource selection gives good performance. Furthermore sensing will require a pedestrian UE to receive D2D signals which will increase the cost of pedestrian UEs.

Observation 2: Resource selection using sensing by pedestrian UE not only leads to additional power consumption but also increases the cost of pedestrian UEs. This is because for sensing UEs will be required to receive D2D signals.
Proposal 2: Only random resource selection for pedestrian UE transmission should be supported. 

We note that the transmission periodicity of P2V is assumed to be 1 second. 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 will move around 40m within a second. If a pedestrian can receive V2V messages it can use those to decide its periodicity of pedestrian messages. If messages received from vehicles are from 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.

2
System Level Discussion
We simulated P2V using random resource selection for Urban 15 km/hr and 60 km/hr cases. There is no separate resource pool for pedestrian UE transmission. V2V and P2V transmissions can overlap. The details of sensing mechanism for V2V are given in [1]. Like vehicles, pedestrians use same subframe transmission of SA and Data. The urban grid size is a 3x3, i.e. 1299m x 750m. The pedestrian UE transmit 300bytes every 1 second. 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 PUE 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 and V2P. This is due to the fact that pedestrian UEs do not use 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.
Observation 3: Random resource selection and using same resource pool for P2V and V2V can lead to acceptable performance.
4
Conclusion

In this contribution we made the following proposals and observations for sidelink based V2P.
Observation 1: Value of V2P in providing safety is limited.

· There may be large latency overhead involved in a pedestrian retrieving a V2P message.
· The process of retrieving a V2P message may distract a pedestrian and make him/her view the smartphone screen instead of the road. This may be detrimental to pedestrian safety.
· A pedestrian can react to a V2P message only on a human time scale which may be too slow.
Proposal 1: RAN1 should prioritize P2V over V2P. 

Observation 2: Resource selection using sensing by pedestrian UE not only leads to additional power consumption but also increases the cost of pedestrian UEs. This is because for sensing UEs will be required to receive D2D signals.

Proposal 2: Only random resource selection for pedestrian UE transmission should be supported. 

Observation 3: Random resource selection and using same resource pool for P2V and V2V can lead to acceptable performance.
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