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1. Introduction
According to the objectives of new SI proposal on LTE V2X, the study should include support of PC5/Uu transport for V2P services [1]. 
4) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE. [RAN1, RAN2, RAN3]

In this contribution, we discuss the related issues. We also present our views on supporting of PC5/Uu-based V2P services.     
2. Discussion
2.1 V2P transmission
In 3GPP TR22.885, two use cases are defined for communication between a vehicle UE and a pedestrian UE (V2P communication) [2]. In the two V2P communication use cases, V2P (a message is transmitted from a vehicle UE to pedestrian UEs) or both V2P and P2V (a message is transmitted from a pedestrian UE to vehicle UEs) are included. So, as potential requirements, both P2V and V2P are essential to V2P communication.
When a pedestrian walks in a roadside or wants to pass through a crosswalk, he can broadcast a pedestrian message to vehicle UEs that are proximity to him by pedestrian UE. In normal condition, a vehicle UE can receive the message from the pedestrian UE and notify its driver of potential pedestrian conflicts or take avoiding action based on data processing.
Nevertheless, it should be noted that the vehicle UE may decode the pedestrian message unsuccessfully due to some reasons, e.g., transmission resource collision or channel degraded. This would put the pedestrian in danger of potential accident. Furthermore, if a pedestrian UE can receive V2X messages from vehicle UEs near to it, it can alert the pedestrian and help him/her to avoid potential collision initiatively.
So, from the view of safety and scenario requirements, it is necessary that both P2V and V2P be supported.
In the power consumption, there is some difference between two transmissions. For P2V, pedestrian UEs transmit messages with a maximum frequency of 1 P2V message per second. The low duty ratio is beneficial for transmit power saving for pedestrian UEs. For V2P, pedestrian UEs mainly receive collision warning information. Due to low move speed (e.g. 3 km/h) of pedestrian UEs and periodic transmission of V2X message, a pedestrian UE can just listen to V2X messages in a fraction of time in 1 second rather than whole time except for transmission subframes, e.g., 100 ms out of 1 second. Considering the packets generation of V2X is not very periodic, the duration of pedestrian UEs may be extended. The receiving power consumption would also increase to a certain extent but can be kept at an acceptable level.
In view of the discussion above, it is explicit that P2V is more battery efficient. However, P2V transmission is also important in view of safety and scenario requirements.
Proposal 1: Both P2V and V2P should be supported.
2.2 P2V resource pool

From the relation to V2X transmission, there may be two options for the P2V resource pool.

· Option 1: Share resource pool with V2X

· Option 2: Dedicated resource pool

If pedestrian UEs share one resource pool with the vehicle UEs, the first problem is the half-duplex influence. Based on share resource pool, it is likely that P2V transmission and V2X transmission may occur at the same time (e.g. subframe). This leads to the corresponding pedestrian UE and vehicle UE not being able to communicate with each other and the risk of potential hazard will increase.
Furthermore, resource collision or power efficiency should also be considered in the case of share resource pool. If pedestrian UEs select transmission resource randomly, both V2P performance and V2V performance may be influenced because of resource collision. On the other hand, if pedestrian UEs select transmission resource based on sensing in the V2X resource pool like vehicle UEs, it is not beneficial for power consumption saving of pedestrian UEs.
On the contrary, if pedestrian UEs select resources in a dedicated resource pool which is time division multiplexing (TDM) with the V2V resource pool, the half-duplex influence no longer exists. Based on a dedicated resource pool for P2V, there is no resource collision between pedestrian UEs and vehicle UEs. The performance of V2V may be impacted due to the availability of resource decreasing. However, the performance of P2V would be promoted compared to the case of share resource pool.
In term of reliability and power efficiency of V2P communication, we think a dedicated resource pool should be used for P2V.

Proposal 2: A dedicated resource pool should be used for P2V.
2.3 V2P resource pool

For V2P communication, it is important that pedestrian UEs can decode V2X messages correctly. A failed reception will result in an interruption of V2X information and several consecutive times interruptions may mean a potential danger for pedestrian UEs, especially in terms of event-triggered messages.

Thus, at least for event-triggered messages, a pedestrian UE should perform reception again in the next V2X resource period if it receives event-triggered messages unsuccessfully. 

However, one problem should be noted is that a pedestrian UE do not know that a V2X message is periodic or event-triggered before it decodes the SA correctly. In order to identify event-triggered messages, some schemes need to be considered. 

One possible scheme is to use a dedicated resource pool for scheduling assignment (SA) of event-triggered messages. In the dedicated resource pool, SA transmissions of periodic messages are forbidden and vehicle UEs can select available resources for the SA of event-triggered messages based on an interval that meets the latency requirements of event-triggered messages. If a pedestrian UE detect signals in the dedicated resource pool, it can confirm that event-triggered messages exist regardless of decoding the results. If a vehicle UE has no event-triggered SA transmissions in the dedicated resource pool, it can transmit periodic messages in the data resources corresponding to the dedicated SA resource pool. This can improve the efficiency of data resources of vehicle UEs.

Due to the fact that vehicle UEs detect V2V messages in the entire V2X resource pool except for transmission resource, the dedicated resource pool for SA of event-triggered messages will not affect the V2V message reception for vehicle UEs.

Proposal 3: A dedicated SA resource pool is suggested for event-triggered V2X messages.

2.4 Resource selection for P2V
In 3GPP RAN1 #84bis meeting, two schemes of resource selection for P2V were discussed as follows [3]:
· Scheme 1: Random resource selection
· Scheme 2: Sensing operation during a limited time
For Scheme 1, resource collision is difficult to be avoided because different UEs are likely to select same resource. This would affect V2V performance if pedestrian UEs and vehicle UEs use a shared resource pool. Based on a dedicated resource pool, P2V transmission does not occupy the same resource with V2V transmission. According to our performance evaluation in [4], even though the performance of V2V is impacted due to available resources decreasing, the degradation of V2V is acceptable. In addition, the performance of P2V would be promoted obviously compared to the case of shared resource pool.
For Scheme 2, it is easy to avoid resource collision for both dedicated resource pool and share resource pool. Only those UEs that select resources at the same instant have a chance of resource collision, but the probability is very low. When the number of pedestrian UEs increase, the performance of P2V does is not affected due to the resource selection based on sensing. The disadvantage is that power consumption need to be considered. 
 By comparison, scheme 1 is much simpler and preferable in power efficiency, while scheme 2 has advantages in reliability and has a good adaptability for different number of pedestrian UE.

In summary, it seems that scheme 1 is suitable for the case of dedicated resource pool, while scheme 2 is more appropriate for shared resource pool.
Proposal 4: Random resource selection should be supported for dedicated resource pool with a high priority and sensing operation during a limited time is more appropriate for shared resource pool.
3. Conclusion
For PC5/Uu-based V2/P services, our proposals are as follows: 
Proposal 1: Both P2V and V2P should be supported.
Proposal 2: A dedicated resource pool should be used for P2V.
Proposal 3: A dedicated SA resource pool is suggested for event-triggered V2X messages.
Proposal 4: Random resource selection should be supported for dedicated resource pool with a high priority and sensing operation during a limited time is more appropriate for shared resource pool.
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