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1. Introduction

In RAN1#84, following conclusion has been made for PC5-based V2P. As power consumption and UE complexity would be additional issues for the support of pedestrian UE, we discuss necessity enhancements for V2P operation in this contribution.
	Conclusion:

· At least the following aspects need to be discussed in RAN1#84bis for PC5-based V2I and V2P

· Evaluation results on potential V2V performance degradation if “I” or “P” transmits in the same carrier and if V2I & V2P performance can meet requirements to conclude observation on performances

· Feasibility of reusing PC5-based V2V to V2I and V2P

· To conclude which case needs further enhancements over PC5-based V2V

· Power consumption for transmission or reception of “P”
· Complexity of the UE supporting transmission of “P”
· Note that both V2I and V2P includes both directions


2. Enhancements for PC5-based V2P operation
Enhancement for reception

According to battery consumption model in [1], reception power is 1 unit per subframe while 4 units for transmission with 23 dBm. Assuming 1 V2X message transmission within 100 ms with four data repetitions, 16 units are assumed for transmission within 100 ms. On the other hand, if UE will monitor all the subframe for V2X message reception, 99 units are consumed for reception. Therefore, bottleneck of the power consumption will be reception. If transmission rate of 1 Hz is assumed, gap between reception and transmission further expands. Furthermore, multi-carrier operation may increase the battery consumption for reception if it is necessary to accommodate necessary V2X traffic. Considering limited battery capacity for pedestrian UE, e.g., handset terminal, optimization of battery consumption for reception would be necessary. In Rel-13 D2D, UE autonomously decide which subframe to monitor for D2D reception. Such principle should be kept for PC5 based V2X operation. V2X reception on PC5 would be dynamically triggered by application layer, e.g., context-aware reception based on UE state (UE location, mobility state etc.). – As vehicle has major responsibility for road safety, discontinuous reception or no reception should be allowed. – Therefore, RAN1 can focus on P2V traffic for PC5 based V2P operation. 
Proposal 1: Considering UE battery consumption for reception, RAN1 can prioritize the study for necessary enhancement on P2V communication for PC5 based V2P operation.

On the other hand, reception of V2P message by pedestrian UE is beneficial in some cases. As pedestrian UE is likely to be equipped with limited number of receiver chain, downlink reception may limit the reception of PC5-based V2P messages. Even if pedestrian UE is equipped with multiple receiver chain, the receiver chains should not be consumed only for sidelink reception if limited portion of subframe are monitored. Similar issue has been identified and specified in Rel-13 D2D discovery where D2D gap can be configured according to the request from UE. As dedicated carrier is mainly assumed for V2X sidelink operation, we propose to reuse the same mechanism for PC5 based V2X operation. 

Proposal 2: Mechanism of Rel-13 D2D gap can be re-used for PC5 based V2X operation. Detail is discussed in RAN2.
Enhancement for transmission

Sensing based resource selection cannot be efficient in terms of battery consumption as discussed above. Although eNB resource allocation is available for RRC_CONNECTED UE, efficient resource allocation needs to be supported for RRC_IDLE UE. As discussed in our companion paper [2], partial sensing where UE sense on limited number of subframes would be an option. If UE skips more subframes for sensing, less available resources are found assuming that subframes are considered as occupied in default, i.e., without sensing. Considering maximum SPS interval of 640 ms in the legacy SPS, feasibility of 1 sec transmission periodicity needs to be discussed. With partial sensing and SPS, efficient multiplexing of V2V traffic and P2V traffic in the same resource pool is supported.
Another option is UE autonomous random resource selection. Although random resource allocation may require separate resource pool from V2V with sensing based resource selection, UE battery consumption can be minimized. On the other hand, if same resource allocation except sensing is assumed, resource collision can be increased depending on the hopping pattern design. For further battery saving, lower transmission power is possible by network operation. As target communication range is 75 m for V2P, reduced transmission power is considered.
Proposal 3: Partial sensing and/or random resource allocation without sensing needs to be supported for P2V communication.
Nevertheless the strong motivation for battery saving for pedestrian UE, it is also true that P2V transmission and V2V transmission in the same carrier degrades the PRR performance due to increased traffic load [3]. Further study is necessary to identify the necessity enhancement for P2V transmission for capacity enhancement.
Enhancement for synchronization
For V2X operation, SLSS based synchronization will be supported for vehicle UEs. It is noted that major synchronization source will be GNSS and eNB in practice. Considering additional battery consumption for SLSS based synchronization, it is beneficial to consider simplified synchronization for pedestrian UE. If independent SLSS transmission configuration between vehicle and pedestrian is supported, pedestrian UE can be configured not to transmit SLSS. Meaningful battery saving gain would be expected with reception only synchronization for pedestrian UE. Moreover, necessity of out of coverage operation for pedestrian UE needs to be discussed. It is common understanding that commercial UE does not out of coverage D2D operation in Rel-13 D2D. 
3. Conclusion

In this contribution we showed our views on PC5-based V2P, and achieved following proposals.
· Proposal 1: Considering UE battery consumption for reception, RAN1 can prioritize the study for necessary enhancement on P2V communication for PC5 based V2P operation.
· Proposal 2: Mechanism of Rel-13 D2D gap can be used for PC5 based V2X operation. Detail is discussed in RAN2.
· Proposal 3: Partial sensing and/or random resource allocation without sensing needs to be supported for P2V communication.
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