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In RAN1#84bis, the following conclusions were drawn on PC5-based V2P/P2V:
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

In this contribution, we first analyze the necessity of different communication modes, i.e., V2P (V-UE TX and P-UE RX) and P2V (P-UE TX and V-UE RX). In addition, a power consumption analysis for both scenarios will be given. 
Necessity of V2P Communications (V-UE Tx to P-UE Rx)
V2P communication with V-UE Tx to P-UE Rx has benefits at least in the following scenarios: 
· Stakeholders in the automotive industry require the support of V-UE Tx to P-UE Rx, driven by the huge aftermarket need for smartphone-based V2V solutions. By plugging smartphones to the car through on-board diagnostics (OBD) interface opens up the possibility of smartphone-based V2V communication, especially for older car models without embedded V2V communication units. In this case, P-UE, acting as a V-UE, needs to be able to receive messages from other V-UEs. In addition, the concern on P-UE power consumption is relieved as power supply from the vehicle can be reused.
· It is more reasonable for pedestrians to be informed of potential hazards in the following scenarios :
· The vehicle has lost control (Control Loss Warning use case is considered in SA1), and thus unable to be controlled properly in life-critical situations. 
· The driver is unable to drive the vehicle properly, which may impose risks to pedestrians.
· The vehicle is moving at very high speed, e.g., 250km/h, and thus the driver has limited reaction time in hazardous situations.
Observation 1: It is important to enable V2P communication, i.e., V-UE Tx to P-UE Rx, at the LTE transport layer due to market and practical considerations. 

It is also worth pointing out that creating a new UE category for pedestrian (with no RX capability) will generate large standard impacts. Instead, based on the observation, it seems more appropriate to make reception and processing capability (of vehicle data) as an option for pedestrians to turn on/off in the application layer (e.g., depending on indoor/outdoor situations) for the purpose of power saving, rather than disabling this at the LTE transport layer. 
Proposal 1: No new UE category is created for Pedestrian UEs. 
Proposal 2: It seems more appropriate to make reception and processing capability (of vehicle data) as an option for pedestrians to turn on/off in the application layer (e.g., depending on indoor/outdoor situations) for the purpose of power saving.
[bookmark: _Ref129681832]Analysis of P2V Communications (P-UE Tx to V-UE Rx)
In regard to battery efficiency, the current conclusion states that 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, drawn mainly from the power consumption analysis in [2]. Note that an important assumption made in [2] is that random resource selection is adopted for P2V communications, which means that pedestrians can effectively turn off their RF reception capability 99% of the time and consume only 4 unit transmit power per radio frame. Nevertheless, the conclusions drawn in [2] may not hold considering the practical aspects listed in this section.
Traffic model for pedestrians
In the V2X study item, pedestrians (including e.g., children, elderly, joggers) are generally considered to be highly stationary with walking speed of 3km/h. This mobility pattern leads to reasonably lower message transmission frequency compared with fast-moving vehicles (i.e., 1Hz for pedestrian vs. typical 10Hz for vehicles). While these assumptions are valid for vulnerable road users (VRUs) with walking speeds, they are not readily applicable to people riding on high-speed bicycles, the speeds of which can go up to 45km/h according to ETSI ITS TC [4] and SAE DSRC TC 56km/h [1]. 
Observation 2: Pedestrians considered by 3GPP is limited to vulnerable road users (VRUs) with walking speed of 3km/h. In real-world scenarios, other types of VRUs with higher mobility (e.g., high-speed bicycles as fast as 56km/h) also need to be considered.
To accommodate different type of VRUs with various speed ranges, a speed-dependent traffic model is considered by [1] such that transmission periodicity for a VRU can vary between 200ms and 500ms, depending on their actual moving speed. Accordingly, to provide timely alert to the vehicles, it could be sufficient for a jogging pedestrian to transmit at a frequency of 1Hz, while a fast-moving bicycle rider will have to transmit more frequently (e.g., up to 5Hz), due to requirement of enlarged communication range. 
Observation 3: The message transmission frequency of 1Hz holds only for walking pedestrians, which could increase up to 5Hz for high-speed bicycle riders as fast as 50km/h.
Resource sharing mechanisms between P-UE and V-UE
Two important objectives need to be considered when considering resource sharing mechanisms between P-UE and V-UE: (1) P-UE power consumption and complexity and (2) impact to V-UE RX performance. These two objectives could be conflicting in that more resource sensing on P-UE TX (requiring more power consumption for reception) can help minimize resource collision with V-UEs (leading to higher V-UE PRR performance). It seems clear that objective (2) has higher precedence than objective (1). In other words, power consumption minimization for P-UEs is desirable under the condition that the impacts to V-UEs RX performance are negligible.
Observation 4: Power consumption minimization for P-UEs is desirable under the condition that the impacts to V-UEs RX performance are negligible.
The observation made in [2] is that the impact of P-UE transmission to V-UE reception is negligible when random resource selection for P-UE is adopted. While this statement is valid for system consisting of only walking pedestrians with 1Hz transmission, it may not necessarily hold for real-world situations with other VRUs with higher mobility and thus more frequent message transmissions (e.g., up to 5Hz). Therefore, further studies are needed to evaluate the impacts of P-UEs random resource selection scheme to V-UEs. 
Observation 5: Further studies are needed to evaluate the impacts of P-UEs random resource selection scheme to V-UEs in practical scenarios. 
In this case, it is likely that sensing has to be used, at least for P-UEs with higher message transmission frequency, to mitigate potential resource collision with V-UEs. The required sensing operation unavoidably leads to additional power consumption for P-UEs, thereby reducing the benefits of power consumption associated with P-UE TX to V-UE RX. 
Observation 6: In case sensing operation needs to be adopted for P-UEs, the benefits of power consumption associated with P-UE TX to V-UE RX is reduced.
Sensing operation for P-UEs
In case sensing operation is required for P-UEs, it remains to investigate whether sensing operation can be restricted to a limited time period, for the purpose of power consumption reduction for P-UEs. Let us consider the scenario with only P-UEs with walking speed and thus 1Hz message transmission. The analysis also applies to other cases. The motivation to introduce limited time sensing for P-UE is valid under the assumption that all vehicles are transmitting with 10Hz. In this case, it is sufficient for P-UE to sense 100ms time period to become aware of the resource occupation of the surrounding vehicles, transmit on 1ms time instant, and save considerable amount of RF energy for 899ms. 
Observation 7: In the ideal case that all vehicles transmit with 10Hz, sensing operation during a limited time is valid and can save significant amount of power consumption. 
Nevertheless, in has been shown in [5][6] that periodicity of CAM is a function of vehicles speed, acceleration etc, which is quite different from the working assumption adopted for V2V simulations. Based on the CAM generation rules [7] and Table 1 below, vehicles at 60km/h and 15km/h in urban scenarios will transmit every 300ms and 1000ms, respectively. Effectively, this means that in the dense urban case with 15km/h vehicle speed, sensing operation for a limited time may not be applicable to P-UEs to avoid potential resource collision with V-UEs.
Table 1. Vehicle speed vs. triggered CAM transmission periodicity
[image: speed CAM]
Observation 8: In the dense urban case with 15km/h vehicle speed, sensing operation for a limited time may not be applicable to P-UEs to avoid potential resource collision with V-UEs.
Conclusion
In this contribution, we discussed V2P/P2V communications and make the following observations and proposals. 
Proposal 1: No new UE category is created for Pedestrian UEs. 
Proposal 2: It seems more appropriate to make reception and processing capability (of vehicle data) as an option for pedestrians to turn on/off in the application layer (e.g., depending on indoor/outdoor situations) for the purpose of power saving.

Observation 1: It is important to enable V2P communication, i.e., V-UE Tx to P-UE Rx, at the LTE transport layer due to market and practical considerations. 
Observation 2: Pedestrians considered by 3GPP is limited to vulnerable road users (VRUs) with walking speed of 3km/h. In real-world scenarios, other types of VRUs with higher mobility (e.g., high-speed bicycles as fast as 56km/h) also need to be considered.
Observation 3: The message transmission frequency of 1Hz holds only for walking pedestrians, which could increase up to 5Hz for high-speed bicycle riders as fast as 50km/h.
Observation 4: Power consumption minimization for P-UEs is desirable under the condition that the impacts to V-UEs RX performance are negligible.
Observation 5: Further studies are needed to evaluate the impacts of P-UEs random resource selection scheme to V-UEs in practical scenarios. 
Observation 6: In case sensing operation needs to be adopted for P-UEs, the benefits of power consumption associated with P-UE TX to V-UE RX is reduced.
Observation 7: In the ideal case that all vehicles transmit with 10Hz, sensing operation during a limited time is valid and can save significant amount of power consumption. 
Observation 8: In the dense urban case with 15km/h vehicle speed, sensing operation for a limited time may not be applicable to P-UEs to avoid potential resource collision with V-UEs.
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