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1. Introduction
In RAN#72, V2x study item was finished and TR 36.885 v2.0.0 [1] was approved. The RAN WGs concluded that it is feasible to support transport for V2V, V2I/N and V2P services over Uu, and it is feasible to support V2I and V2P services over PC5. Regarding P2V service, it is concluded that V2P services where P-UE sends V2X messages but not receives V2X messages is substantially more power efficient than V2P services where P-UE receives V2X messages from V-UEs. The RAN WGs identified that some changes to the PC5 interface would be beneficial in terms of power consumption and UE complexity in case of P2V transmissions. It is recommended to support following solutions identified in this TR for PC5-based V2X:

· Random resource selection for P-UEs potentially on the resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs

In this contribution, detailed partial sensing based resource selection method [2] is discussed. And the evaluation results on PC5 based V2P communication for UE type RSU are provided and analysed both for random resource selection and partial sensing based resource selection method.
2. UE autonomous resource allocation for P2V with partial sensing 
For a pedestrian UE, random resource selection without sensing is an option as it is better for power consumption. 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 since random resource allocation relies on collision randomization rather than collision avoidance. The degradation would be serious if resource pool is shared with V2V transmissions. Similar degradation happens if a resource pool is shared between eNB resource allocation and UE autonomous resource allocation for P2V operation. 
Partial sensing where UE senses on limited number of subframes would be an option to balance the PRR performance and UE battery consumption. If UE skips more subframes for sensing, less available resources are found assuming that subframes should be considered as occupied for sensing based resource selection in default. If UE common sensing window is assumed for partial sensing, selected subframes for transmission is also limited due to reservation timeline. Therefore, UE specific window is necessary in order to randomize resource congestion among subframes. If UE is RRC_CONNECTED, eNB can configure UE specific sensing window. In case when UE is RRC_IDLE, the window length can be UE group common and UEs may randomly select subframe offset applied to the sensing window. In Figure 1, two types of partial sensing windows are illustrated. In Figure 1 (a), a fixed reservation interval N is assumed, e.g., 1 sec. Therefore, if UE sense on subframe n to n + a, UE is allowed to select transmission subframe between n + N and n + a + N. Where a is the window size. If more flexible reservation time line is supported, e.g., transmitter UE can explicitly indicate the timeline of reservation intention from a set of subframe intervals, the structure of partial sensing becomes distributed as shown in Figure 1 (b). Here, required number of sensing subframe increases according to the number of supported reservation intervals. On the subframe outside of  partial sensing window, UE does not perform sensing. UE assumes corresponding subframes in the selection window so that selected resource may not collide with SPS transmissions the UE is not aware due to partial sensing. Necessary UE behavior for resource exclusion is same as the resource selection with full-sensing when the UE is not able to monitor a subframe due to its transmission. 
Observation 1: Window for partial sensing can be configured by eNB or autonomously selected by UE.
Observation 2: For partial sensing, necessary UE behavior for resource exclusion is same as the resource selection with full-sensing when the UE is not able to monitor a subframe due to its transmission.
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(a) Sensing window with fixed reservation interval
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(b) Sensing window with variable reservation intervals
Figure 1: Partial sensing considering timeline of reservation intention.
With the partial sensing mechanism, single resource pool can be shared between vehicular UEs and pedestrian UEs. Also, if reservation intention is transmitted for eNB resource allocation, both eNB resource allocation and UE autonomous resource allocation can be co-existed in the same resource pool. Thus required number of resource pool can be significantly reduced and resource overhead can be minimized.
For the UE not capable of sidelink reception, whether the UE fallback to random resource selection or no transmission is allowed would be left to resource pool configuration. At least if UE is capable of sidelink reception, UE should perform full or partial sensing for resource selection.
Proposal 1: UE may fallback to random resource selection if a resource pool for random resource selection is configured.

Proposal 2: At least if UE is capable of sidelink reception and resource pool for sensing is configured, UE should perform full or partial sensing for resource selection.
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 P2V, and Comb based DRMS structure with 4 symbols per subframe is assumed. In the evaluation, 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.  For each data packet, a single transmission is assumed. The traffic model of vehicle UE is the same as that used for V2V communication evaluation. Two traffic models of vehicle UEs are evaluated, the 60KM/h with message generation of 100ms and the 15KM/h with message generation of 1s. In P2V, 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 1s. The packet reception ratio of vehicle UEs to receive the data from pedestrian UEs is counted. 
In the evaluation, energy sensing is assumed for vehicle UEs and the resource block(s) with the least receiving energy are chosen when scheduling a vehicle UE. For pedestrian UEs, both random resource selection method and partial sensing based resource selection method are evaluated and compared. For partial sensing based resource selection, a pedestrian UE performs sensing during configured UE specific sidelink gap. A partial sensing window is defined 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. In order to investigate the performance impact of partial sensing under different conditions, two scheduling assumptions are evaluated. In the first assumption, UE enters the network one by one, and the vehicles UEs enter the network earlier than the pedestrian UEs for simplicity. Therefore, vehicle UEs are scheduled earlier than pedestrian UEs. In the second assumption, vehicles UEs and pedestrian UEs enter the network randomly so that scheduling is performed randomly for the UEs. The second scheduling assumption is more realistic. 

2.2. P2V evaluation results and analysis
In Figure 2, the average PRR vs. distance for P2V is shown for Urban scenarios with vehicle UEs speed of 60KM/h. Vehicle UEs are scheduled earlier than pedestrian UEs in the evaluation. In the figure, random selection and partial sensing based resource selection methods are compared and two different sensing window sizes are evaluated for partial sensing. It can be observed that partial sensing based resource selection method can largely improve the performance of P2V even with 10 ms sensing within 1 sec compared with random resource selection. And the performance gap between two sensing window sizes is small and negligible. 
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Figure 2: Average PRR vs. distance for PC5 based P2V with vehicle UE speed of 60KM/h (schedule VUEs first)
In Figures 3 and 4, the performance of PC5 based P2V on average PRR vs. distance is shown for Urban scenarios with vehicle UEs speed of 15KM/h for two scheduling assumptions. In Figure 3, vehicle UEs are scheduled earlier than pedestrian UEs. In Figure 4, vehicle UEs and pedestrian UEs are scheduled randomly. In both figures, partial sensing based resource selection method can improve the performance of P2V compared with random resource selection. Comparing the two scheduling assumptions, it can be observed that the performance gain of partial sensing over random resource selection in Figure 3 is a little higher than that in Figure 4. The reason is that the PRR performance of random resource selection method in Figure 3 is worse than that in Figure 4 while the PRR performance of partial sensing in the two figures is similar. If pedestrian UEs perform random resource selection, vehicle UEs are scheduled earlier than pedestrian UEs in Figure 3 so that collision may happen frequently. While in Figure 4, vehicle UEs and pedestrian UEs are scheduled randomly so that vehicle UEs with energy sensing can somehow avoid the resource collision and improve the P2V performance if pedestrian UEs perform random resource selection. However, when partial sensing is applied to pedestrian UEs, both pedestrian UEs and vehicle UEs can avoid the resource collision by energy sensing so that the impact of scheduling order on P2V performance is negligible.
Observation 3: Partial sensing based resource selection can achieve better P2V PRR performance than random resource selection for different scenarios and assumptions. 
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Figure 3: Average PRR vs. distance for PC5 based P2V with vehicle UE speed of 15KM/h (schedule VUEs first)
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Figure 4: Average PRR vs. distance for PC5 based P2V with vehicle UE speed of 15KM/h (schedule VUEs and PUEs randomly)

2.3. Power consumption analysis for partial sensing 
In this section, we simply analyse the power consumption of a pedestrian UE for the random selection and parting sensing resource selection methods. 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 Figure 5.
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 5: Power consumption as function of reception subframe ratio.
From the evaluation results and analysis above, it can be observed that using partial sensing can consume marginal additional energy but achieve better PRR performance. Therefore, we have following observation and proposal:
Observation 4: The additional energy consumption bright by partial sensing for a pedestrian UE is marginal. 
Proposal 3: Partial sensing based resource selection can be used by pedestrian UEs for P2V transmissions.

3. Conclusion
In this contribution, detailed partial sensing based resource selection method is discussed. And the performance of random resource selection and partial sensing based resource selection methods for pedestrian UEs are evaluated and compared for P2V transmissions. Based on the discussion and evaluation results above, we made the following observations and proposals:
Observation 1: Window for partial sensing can be configured by eNB or autonomously selected by UE.
Observation 2: For partial sensing, necessary UE behavior for resource exclusion is same as the resource selection with full-sensing when the UE is not able to monitor a subframe due to its transmission.

Observation 3: Partial sensing based resource selection can achieve better P2V PRR performance than random resource selection for different scenarios and assumptions. 
Observation 4: The additional energy consumption bright by partial sensing for a pedestrian UE is marginal. 
Proposal 1: UE may fallback to random resource selection if a resource pool for random resource selection is configured.

Proposal 2: At least if UE is capable of sidelink reception and resource pool for sensing is configured, UE should perform full or partial sensing for resource selection.
Proposal 3: 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 P2V 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

	P2V traffic model
	300 bytes per 100ms/1s

	SA assumption
	FDMed SA and data pool

	Data transmission
	1 transmission per packet

Fixed packet 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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