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1. Introduction
In RAN#68, V2x study item [1] has been agreed. Study on support of PC5 transport for V2P andV2I/N is included in the second phase of study (to be completed by RAN#72 – June 2016). In RAN1#84 meeting, the following conclusion is made on PC5 based V2I/P evaluation:
· 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
In this contribution, we provide the evaluation results on PC5 based V2P andV2I/N communication for UE type RSU. For PC5 based P2V, a partial sensing resource selection method proposed in our company contribution [2] is evaluated and compared with random resource selection method.
2. Evaluation 

2.1. Assumptions

Most of the evaluation assumptions align with the previous agreement on V2P evaluation. Urban scenarios with UE speed of 60KM/h and 15KM/h are evaluated. The evaluation assumptions are shown in the appendix. In this evaluation we assume that the same DMRS pattern as V2V is used for I2V and P2V, and Comb based DRMS structure with 4 symbols per subframe is assumed in the evaluation. We may change the DMRS pattern assumption based on the progress in V2V WI discussion in the future. 

For evaluations of V2P/P2V and V2I/I2V in Sections 2.2 and 2.3, SA is not considered for simplicity and random resource selection is assumed for data transmission. For evaluations of P2V in Section 2.4, energy sensing is assumed for vehicle UEs. For each data packet, a single transmission is assumed.
2.2. V2P and P2V
For V2P communication, two scenarios are evaluated. In the first scenario, pedestrian UEs are not transmitting data packets, and only receiving data packets from vehicle UEs. The traffic model of vehicle UE is the same as that used for V2V communication evaluation. The packet reception ratio of pedestrian UE to receive data from vehicle UEs is counted. In the second scenario, pedestrian UEs are transmitting P2V data packets but not receiving data packets from vehicle UEs. The traffic model of pedestrian UE is 300 bytes per 100ms or 1s. The packet reception ratio of vehicle UEs to receive the data from pedestrian UEs is counted. 

In Figure 1, the average PRR vs. distance for V2P (scenario 1) and P2V (scenario 2, with 10Hz and 1Hz packet generation rate) are shown. It can be observed that the performance of P2V is worse than that of V2P. The reason could be the increased traffic load due to data transmission of pedestrian UE. The performance of V2P and P2V may not satisfy the requirement of 90% PRR within 75m range. However, the performance can be expected to be further improved if the enhancement for V2V communication can be used for V2P as well. 
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Figure 1: Average PRR vs. distance for PC5 based V2P and P2V (with 10Hz and 1Hz packet generation rate)

Therefore, we made the observation:
Observation 1: Worse PRR performance of P2V than V2P can be observed due to increased traffic load.
2.3. V2I and I2V
For I2V evaluation of UE based RSU, traffic model 2 is considered, that is, traffic with same characteristics as PC5 based V2V are generated on each RSU. For V2I evaluation, it is assumed that V2V data packets are used also for V2I communications. 
Two different assumptions on resource pools are made:
1) V2I/V2V and I2V share the same resource pool

2) V2I/V2V and I2V use orthogonal resource pools
For both assumptions, 50 ms scheduling period is assumed. For assumption 2, it is assumed that resource pools for I2V and V2V/V2I are TDMed, with 7 subframes for I2V and the other 43 subframes for V2V/V2I in each 50ms.
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Figure 2: Average PRR vs. distance for PC5 based V2V, V2I and I2V (UE type RSU)

In Figure 2, the performance of PC5 based V2V, V2I and I2V communication on average PRR vs. distance is shown. It can be observed that using orthogonal resource pool for I2V communication can greatly improve the performance of I2V but has similar performance of V2V/V2I communications. Furthermore, by using orthogonal resource pool for I2V traffic, the performance of I2V communication will be hardly impacted by the density of vehicle devices.
Therefore, we propose:

Proposal 1: Orthogonal resource pool should be configured for I2V and V2V/I communications
2.4. P2V with partial sensing resource selection
For P2V, random resource selection without sensing is an option as it is better for power consumption of pedestrian UEs. Meanwhile, random resource selection is necessary for a pedestrian UE if the UE has no or limited capability of sidelink reception. However, the PRR performance could be degraded due to less collision avoidance. Therefore, a partial sensing resource selection method is proposed in our companion contribution [2] to improve the performance of P2V transmission. In the method, a pedestrian UE performs sensing during configured UE specific sidelink gap. If the UE is RRC_IDLE, the minimum number of subframe for partial sensing can be part of resource pool configuration. Compared with random resource selection, less collision may happen and the power consumption could be acceptable with partial sensing. Both methods are evaluated in this section.
Urban scenario with UE speed of 60KM/h for vehicle UE is evaluated. The traffic model of pedestrian UE is 300 bytes per 1s. The SA and data resource pools are multiplexed in FDM manner, and it is assumed that the SA and data from a pedestrian UE transmit in the same subframe. In the evaluation, for simplicity, we assume that UE enters the network one by one, and the vehicles UEs enter the network earlier than the pedestrian UEs. Energy sensing is assumed when scheduling a vehicle UE, and the resource block(s) with the least receiving energy are chosen. For pedestrian UEs, a partial sensing window is defined as discussed in [2], and UE can only select resource in the subframes that sensing is done. Two different sensing window sizes, i.e. 10 ms and 100 ms in 1 sec are evaluated to see the trade-off between pedestrian UE energy consumption and PRR performance of P2V. Random subframe offset is applied to sensing window for partial sensing. 
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Figure 3: Average PRR vs. distance for PC5 based P2V with different resource selection methods
In Figure 3, the performance of PC5 based P2V communication on average PRR vs. distance is shown. Two resource selection methods are compared and two different sensing window sizes are evaluated for partial sensing method. It can be observed that partial sensing resource selection method can largely improve the performance of P2V compared with random resource selection. And the performance gap between two sensing window sizes is small and negligible.
Here we also simply analyse the power consumption of a pedestrian UE for the three cases. The energy consumption model agreed for D2D in [3] is used for the analysis. The transmission power of a pedestrian UE is assumed to be 23 dBm, which corresponds to 4 unit per subframe. In the numerical analysis below, GPS synchronization is assumed. Power consumption with other reception configurations is summarized in Figure4.
For a pedestrian UE with random resource selection method, the average energy consumption per subframe can be calculated as:

Sleep power + GPS + (Tx power * 1 subframe)/1 second = 0.01 + 0.08 + (4 * 1)/1000 = 0.094
For a pedestrian UE with partial sensing of 10 ms in 1 sec, the average energy consumption per subframe can be calculated as:

Sleep power + GPS + (Tx power * 1 subframe)/1 second + (Rx power * 10 subframe)/1 second = 0.01 + 0.08 + (4 * 1)/1000 + (1 * 10)/1000 = 0.104
For a pedestrian UE with partial sensing of 100 ms in 1 sec, the average energy consumption per subframe can be calculated as:

Sleep power + GPS + (Tx power * 1 subframe)/1 second + (Rx power * 100 subframe)/1 second = 0.01 + 0.08 + (4 * 1)/1000 + (1 * 100)/1000 = 0.194
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Figure 4: Power consumption as function of reception subframe ratio.
From the above evaluation results and analysis, it can be observed that using partial sensing can consume much less energy with negligible PRR performance degradation compared with V2V sensing scheme. Compared with random resource selection, partial sensing can consume only marginal additional energy but achieve much better PRR performance. Based on the analysis above, we have following observation and proposal:
Observation 2: Partial sensing based resource selection can achieve better P2V PRR performance than random resource selection with marginal additional energy consumption 
Proposal 2: Partial sensing based resource selection can be used by pedestrian UEs for P2V transmissions.

3. Conclusion
In this contribution, the evaluation results of PC5 based V2P/P2V, V2I and I2V are shown. A partial sensing resource selection method is compared with random resource selection for P2V transmission. From the evaluation results, we made the conclusion:
Observation 1: Worse PRR performance of P2V than V2P can be observed due to increased traffic load.
Observation 2: Partial sensing based resource selection can achieve better P2V PRR performance than random resource selection with marginal additional energy consumption 
Proposal 1: Orthogonal resource pool should be configured for I2V and V2V/I communications

Proposal 2: Partial sensing based resource selection can be used by pedestrian UEs for P2V transmissions.
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Appendix

Table I: Assumption on PC5 based V2P/P2V, V2V/I and I2V evaluation

	Carrier Freq.
	6GHz

	Bandwidth
	10MHz dedicated carrier

	Scenario
	Urban 60KM/h, 15KM/h

	RSU deployment
	At the middle of each crossing area (5m antenna)

	Pedestrian UE deployment
	Follow TR 36. 885 v. 1.0.0

	I2V traffic model
	Same as PC5 based V2v, generated at each RSU UE

	P2V traffic model
	300 bytes per 100ms/1s

	V2I traffic
	Same message as V2V message

	SA assumption
	No SA / FDMed SA and data pool

	Data transmission
	1 transmission per packet

Fixed resource size (16 PRBs for both 190 and 300 bytes packet)

	DMRS
	Reusing Comb based DMRS (4 symbols per subframe)

	Scheduling
	Random resource allocation, 3 orthogonal subchannels per subframe;
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