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1. Introduction
RAN1 had email discussion [83-06] for evaluation assumptions for V2P. The following agreements were made in this discussion:

Agreements of [83-06] for V2P
· Companies should explain how to combine V2P (i.e., Vehicle UE transmission and Pedestrian UE reception), P2V (i.e., Pedestrian UE transmission and Vehicle UE reception), V2V and assume half duplex constrain in the evaluation

· Separate statistics for P2V, V2P, V2V

· Bandwidth for V2P and P2V

· Baseline: 10 MHz (i.e., Same as that defined in V2V)  

· Latency requirement for V2P and P2V

· For V2P,

· ‘100ms’ latency requirement (i.e., Same as that defined in V2V)

· For P2V,

· Baseline: ‘100ms’ latency requirement 

· When another value of latency requirement larger than 100ms (e.g., 1000ms) is assumed in the evaluation, companies should explain it. 

· Inter-Pedestrian UE distance for V2P and P2V

· The inter-pedestrian UE distance (m) is calculated by ‘A/500’, where ‘A’ is the total length of sidewalk where the Pedestrian UEs are dropped under the assumption of ‘N’ road grids (i.e., ‘{(250m – 17m) + (433m – 17m)} X 2 X N’). For example, if the Pedestrian UEs are dropped in ‘14’ road grids, the inter-pedestrian UE distance (m) is ‘36.344’.

· Companies should explain how many road grids (i.e., ‘N”) are assumed in the evaluation.

· Traffic model for Vehicle UE’s transmission in case of V2P 

· The existing traffic model of V2V is reused. 

· Traffic model for Pedestrian UE’s transmission in case of P2V 

· The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.

· Performance metric for Pedestrian UE in case of V2P

· The power consumption model defined in TR 36.843 is used as an additional performance metric to evaluate the power consumption caused by the reception of Pedestrian UE. 

· To evaluate the reception ratio of Vehicle UE’s transmission packet, the existing performance metric of V2V (i.e., PRR) is reused with the following modifications. 

· PRR is calculated under the assumption that Vehicle UE’s packet transmitted during the time when Pedestrian UE sleeps is regarded as the failure of reception.

· Target range for CDF of PRR and average PRR is the half of that defined in V2V.

· FFS on whether/how to investigate the impact of bursty reception failure caused by sleep of Pedestrian UE over consecutive subframes.

· Performance metric for Vehicle UE and Pedestrian UE in case of P2V

· To evaluate the reception ratio of Pedestrian UE’s transmission packet, the existing performance metric of V2V (i.e., PRR) is reused with the following modifications. 

· Target range for CDF of PRR and average PRR is the half of that defined in V2V.

· The power consumption model defined in TR 36.843 is used as an additional performance metric to evaluate the power consumption caused by the transmission of Pedestrian UE.
This contribution provides the evaluation results of ‘PC5-V2P/P2V including PC5-V2V’ and the power consumption analysis of PC5-based V2P message reception. And several observations are provided based on these results and analysis.
2. Discussions 
We evaluated ‘PC5-V2P/P2V including PC5-V2V’ in the Urban case. Here, it was assumed that PUE (Pedestrian UE) and VUE (Vehicle UE) perform the message transmissions in the same carrier and ‘sensing based resource selection + location based resource partition’ in [1] are applied. As shown in Table 1 and 2, the performance of PC5-V2V is degraded due to the increment of interference and traffic load (caused by additional transmission of PUE) when compared to that of ‘PC5-V2V only’. The performance degradation of PC5-V2V is larger than that of ‘PC5-V2I/I2Vincluding PC5-V2V’ in [2] since the effective traffic load increased more. 
Table 1. Average PRR in the Urban case (60km/h) 
	Range (m)
	PC5-V2P including PC5-V2V
	PC5-V2V only

	
	PC5-V2P 
	PC5-P2V
	PC5-V2V
	Gain [%]
	

	0 ~ 20
	0.989405
	0.948238
	0.931994
	-0.2
	0.9337

	20 ~ 40
	0.973771
	0.924744
	0.927379
	0.4
	0.9240

	40 ~ 60
	0.944565
	0.930139
	0.902072
	-0.4
	0.9055

	60 ~ 80
	0.902166
	0.904799
	0.86576
	-0.9
	0.8738

	80 ~ 100
	0.841724
	0.817453
	0.820911
	-1.2
	0.8307

	100 ~ 120
	0.742469
	0.68977
	0.745108
	-3.5
	0.7725

	120 ~ 140
	0.618676
	0.610871
	0.645492
	-6.0
	0.6866

	140 ~ 160
	0.518628
	0.542759
	0.545382
	-9.0
	0.5995


Table 2. Average PRR in the Urban case (15km/h) 
	Range (m)
	PC5-V2P including PC5-V2V
	PC5-V2V only

	
	PC5-V2P 
	PC5-P2V
	PC5-V2V
	Gain [%]
	

	0 ~ 20
	0.961811
	0.93355
	0.89932
	-0.3
	0.9016

	20 ~ 40
	0.887725
	0.840253
	0.837244
	0.0
	0.8371

	40 ~ 60
	0.765828
	0.688312
	0.714273
	-0.7
	0.7196

	60 ~ 80
	0.605018
	0.485091
	0.568588
	-1.4
	0.5768

	80 ~ 100
	0.457259
	0.370019
	0.432183
	-4.3
	0.4517

	100 ~ 120
	0.322043
	0.290171
	0.317793
	-7.1
	0.3419

	120 ~ 140
	0.227125
	0.187645
	0.233658
	-6.0
	0.2485

	140 ~ 160
	0.162651
	0.129558
	0.170186
	-8.8
	0.1866


To enhance the performance of PC5-V2P/P2V and/or PC5 V2V, it can consider further enhancements e.g., traffic offloading to multiple carriers, switching between PC5 and Uu for transport of V2X messages. Also, imbalance is observed in the PRR performance at the target distance between PC5-P2V and PC-V2V (i.e., 90 % @ 60 ~ 80 m in PC5-P2V but 60% @ 140 ~ 160 m in PC5-V2V in Table 1), different transmission parameter setting for PC5-P2V and PC5-V2V including resource pool, transmission power, the amount of resource usage can be considered in order to limit the performance degradation in PC5-V2V.
The PUE’s power consumption is one of the most important factors needed to be considered. So, we provide power consumption analysis results of each case when PUE receives V2P messages. For the power consumption analysis of PC5-based V2P message reception, we assumed the scenario that the location of each PUE determines how many resource pools (linked with the street directions) the PUE needs to monitor, and this is equal to the number of streets with different directions which overlaps with the circle having the radius of PUE’s target range. To be specific, if there is only vertical (or horizontal) street which overlaps with the circle having the radius of PUE’s target range, then PUE attempts to receive the message transmitted by a vehicle in the resource pool associated with the vertical (or horizontal) street and goes to idle in the resource pool associated with the horizontal (or vertical) street. Figure 1 shows an example of road grid. If the reception coverage of PUE is the 75m, the region which requires for PUE to monitor one resource pool (i.e., associated with vertical or horizontal street) and two resource pools (i.e., associated with both vertical and horizontal streets) is about 54.7 and 45.3% of total sidewalk, respectively. In such a case, the average power consumption becomes 0.727 units/subframe (= 1/2*0.547+1*0.453). We note that the power consumption becomes 1 units/subframe if the UE monitors all the subframes.
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Figure 1. PC5-based V2P

Regarding the power consumption for PC5-based P2V message transmission, it also depends on the scheme used for resource selection (e.g., sensing based resource selection) and partitioning (e.g., location based resource partition). Based on the above analysis, it can consider options of reducing PUE’s power consumption such as selective monitoring of subframes based on PUE’s location in PC5-V2P, restriction of sensing time (if sensing mechanism is introduced) in PC5-P2V. 

Observation 1: When PC5-V2P/P2V and PC5-V2V share the same carrier, there is some performance degradation in PC5-V2V. 

Observation 2: To have a better performance in terms of PRR and PUE’s power saving, it can consider further enhancements e.g., traffic offloading to multiple carriers, switching between PC5 and Uu for transport of V2X messages, selective monitoring of subframes based on PUE’s location in V2P, restriction of sensing time (if sensing mechanism is introduced) in P2V. In addition, to resolve the imbalance in the PRR performance at the target distance between PC5-P2V and PC5-V2V, different transmission parameter setting for PC5-P2V and PC5-V2V including resource pool, transmission power, the amount of resource usage can be considered in order to limit the performance degradation in PC5-V2V.
3. Conclusion
This contribution provided the evaluation results of ‘PC5-V2P/P2V including PC5-V2V’ and the power consumption analysis of PC5-based V2P message reception. The following observations were made based on these results and analysis:
Observation 1: When PC5-V2P/P2V and PC5-V2V share the same carrier, there is some performance degradation in PC5-V2V. 

Observation 2: To have a better performance in terms of PRR and PUE’s power saving, it can consider further enhancements e.g., traffic offloading to multiple carriers, switching between PC5 and Uu for transport of V2X messages, selective monitoring of subframes based on PUE’s location in V2P, restriction of sensing time (if sensing mechanism is introduced) in P2V. In addition, to resolve the imbalance in the PRR performance at the target distance between PC5-P2V and PC5-V2V, different transmission parameter setting for PC5-P2V and PC5-V2V including resource pool, transmission power, the amount of resource usage can be considered in order to limit the performance degradation in PC5-V2V.
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