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Introduction
In RAN#72, a work item proposal [1] for LTE-based V2X services was approved. The work item includes the objective of specifying enhancements for support of V2P service.
In this contribution, we first discuss resource selection option for V2P communication, and then discuss congestion control at pedestrian UEs to avoid resource pool overloaded.   
Resource selection for V2P communication  
Resource selection 
To improve road safety for pedestrians, either V2P (vehicular to pedestrian) communication or P2V (pedestrian to vehicular) communication can be used. While the majority of vehicular data traffic is of 100ms period, pedestrian data traffic usually has much longer period (i.e.1s). It’s not power efficient for pedestrian UEs to receive road safety packets from vehicular UEs all the time. Hence it’s preferred to support only P2V communication for road safety purpose.   
For resource selection at pedestrian UEs, there are two options. One option is random resource selection, where a pedestrian UE randomly select transmission sub-frames and frequency resources (RBs) in transmission sub-frames. This removes the need of sensing based on packet reception. The other option is resource selection based on sensing operated during a limited time for pedestrian UEs. This is proposed to improve system level performance for P2V communication. The option consumes more power than random resource selection. 
On the top of random resource selection, semi-persistent transmission can be employed at pedestrian UEs to improve their system level performance. For a duration of multiple pedestrian data traffic (e.g.10 periods), a pedestrian UE uses the resources of the same time and frequency locations. Because the resource selection is fixed, the information can be sensed by vehicular UEs to aid their resource selection. Essentially vehicular UEs can try to avoid using resources occupied by pedestrian UEs. The scheme can improve P2V performance similar as resource selection based on sensing at pedestrian UEs. 
We performed system-level simulation to compare performance of different resource selection options. The system level simulator is compliant with the evaluation methodology agreed in RAN1 and summarized in [2]. The urban deployment scenario is simulated. The vehicular speed is set to 60 km/hr. The size of data pool is 100 sub-frames in time domain and 42 RBs in frequency domain. The number of transmissions for a MAC PDU is 2. The period of vehicular data traffic is 100ms and the period of pedestrian data traffic is 1s. The following figure shows the system level performance in terms of packet reception ratio versus distance. 
Three cases are simulated. In case 1, both vehicular UEs and pedestrian UEs perform sensing based resource selection. In case 2, vehicular UEs perform sensing based resource selection and pedestrian UEs perform random selection with fresh random selection for each pedestrian data traffic period. In case 3, while vehicular UEs perform sensing based resource selection, pedestrian UEs perform random selection with semi-persistent transmission (spt). Simulation results show that compared with random selection (case 2), random selection with semi-persistent transmission (case 3) at pedestrian UEs can improve the system level performance of P2V communication. And random selection with semi-persistent transmission (case 3) achieves similar performance as sensing based resource selection (case 1).  

[image: ]Fig.1. System level performance for coexistence of V2V and P2V communication
Proposal 1: Support only P2V communication for road safety of pedestrians.
Proposal 2: Support random resource selection at pedestrian UEs to reduce power consumption. 
Proposal 3: Consider semi-persistent transmission on top of random resource selection at pedestrian UEs to improve P2V performance. 
 
Congestion control 
Congestion control is a mechanism to adapt the transmit behaviors of a transmitting UE based on the congestion level of the transmission (TX) resource pool. Congestion control is necessary to avoid a resource pool overloaded. The congestion level information is a critical input for congestion control. To reduce power consumption, it’s preferred that a pedestrian UE doesn’t receive and only transmits with random resource selection. Hence a pedestrian UE can’t estimate the congestion level directly. 
In the same area, a vehicular UE can estimate the congestion levels of the resource pools it monitors since it performs sensing based resource selection. In RAN2, it was agreed [3] that mapping of geographical location and resources can be done on a zone concept. Each cell can be partitioned into multiple zones and the eNB broadcasts the zone configuration to the UEs. The zone configuration includes the information about the zones and their associated resource pools. Based on its location and the zone configuration, a UE can determine which zone it belongs to. It’s beneficial that the UE reports the congestion levels of resource pools in the zone and zone index to the eNB. 
The eNB can adjust resource pool configuration in the cell based on congestion levels of resource pools if there are available resources. The eNB can also broadcast zone indices and congestion levels of resource pools (especially the pool in which pedestrian UEs transmit) in those zones via system information. Pedestrian UEs can then adjust transmission parameters, which include transmission power, number of retransmissions, etc.
Proposal 4: Consider that vehicular UEs report congestion levels of resource pools to the eNB. 
Proposal 5: Consider that the eNB broadcasts zone indices and congestion levels of resource pools (especially the pool in which pedestrian UEs transmit) in those zones via system information. 

Conclusions
Based on the discussion above, we have the following observations and proposals:
Proposal 1: Support only P2V communication for road safety of pedestrians.
Proposal 2: Support random resource selection at pedestrian UEs to reduce power consumption. 
Proposal 3: Consider semi-persistent transmission on top of random resource selection at pedestrian UEs to improve P2V performance. 
Proposal 4: Consider that vehicular UEs report congestion levels of resource pools to the eNB. 
[bookmark: _GoBack]Proposal 5: Consider that the eNB broadcasts zone indices and congestion levels of resource pools (especially the pool in which pedestrian UEs transmit) in those zones via system information. 
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Appendix
In this section, we provide summary of simulation parameters of the system level simulations.
Table 1: Summary of system level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	5.9 GHz

	Bandwidth
	10MHz (42 PRBs for PSSCH, 14 PRBs for each PSSCH)

	V2V message packet size
	2432 bits including 24bit CRC (about 300 bytes)
1536 bits including 24bit CRC (about 190 bytes)

	Packet modulation/coding
	QPSK, Turbo coding

	Traffic model 
	V2V packet: 1 packet every 100ms
190 bytes every 100ms (four consecutive packets)
300 bytes every 500ms (every 5th packet)
P2V packet: 1 packet every 1s, 300 bytes

	Velocity for vehicle TX UE and RX UE
	60km/h for urban scenario

	Candidate resource set size 
	10
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