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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#86b, several techniques were discussed for partial sensing by P-UEs. In this contribution, we provide simulation results for the partial sensing options discussed in our companion contribution [2] based on evaluation scenarios of TR36.885 [1]. 
2 [bookmark: _Ref129681832]Simulation results for P-UE partial sensing
The system performances of P2V and V2V is evaluated with partial sensing for Urban 15 km/h and 60 km/h cases with the methodology agreed during the V2X SI. Relevant parameters are listed in Table 1 in the Appendix. P-UEs and V-UEs share the same resource pool for transmission. 
2.1 [bookmark: _Ref462665980]Partial sensing window
Two different ways of doing partial sensing are compared: 
· Option 1: For any candidate resource in subframe y within the P-UE selection window, a P-UE senses at least subframe y-M for all M values, where M is a set of resource reservation periods. M includes all the values 100, 200, …, 1000.
· Option 2: For any candidate resource in subframe y within the P-UE selection window, a P-UE senses subframes y-M for all M values, where M is a set of resource reservation periods. M is allowed by carrier-specific and/or pool (pre)configuration, which restricted to {100, 200, …, 1000}.
Details for Option 1 and Option 2 are discussed in contribution [2].
The subset of subframes in which UE performs sensing and the subset of subframes for the candidates of resource selection are illustrated in Figure 1.
[image: ]
(a) Option 1
[image: ]
(b) Option 2
[bookmark: _Ref465245542]Figure 1. Example of subset of subframes in which UE performs sensing and subset of subframes for the candidates of resource selection
In this simulation 10 subframes are sensed by the P-UEs in the 100ms sub-period sensing window. The allowed reservation period for V-UE transmission is 100. Taking into account the P-UE transmission every 1 second, for option 2, the P-UE senses subframes y-100 and y-1000. For option 1, the P-UE senses subframes y-100, y-200, …, y-1000. 
The results are illustrated in Figure 2(a) and Figure 2(b) below for urban 60km/h and urban 15km/h, respectively. The P2V curves are for partial sensing, and the V2V curves for full sensing. 
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(a) Urban 60km/h 
[image: ]
(b) Urban 15km/h 
[bookmark: _Ref465245546][bookmark: _Ref465964441]Figure 2. Performance comparison of different sensing window options
From Figure 2, it can be seen that there is almost no difference in performance between the two options: no matter which option is chosen, the UEs have full reservation information for all UEs and can select a “free” resource accordingly. 
The difference between the two options is the set of subframes involved in RSSI measurement for a frequency resource. The allowed reservation periods are 100ms for V-UE transmission and 1s for P-UE transmission. Thus the utilization of a frequency resource at subframe y can be estimated by RSSI measurements at subframe y-100 and y-1000 for option 2. In addition, for option 1, RSSI measurements need to be performed at subframes y-200, y-300, …, y-900. However, these subframes do not provide useful information on resource utilization for subframe y since the traffic periodicity is either 100ms or 1s. Thus the difference in RSSI measurement between the two options does not have any substantial impact on PRR performance. 
Since there is no difference in performance between these two options, we now look at the power consumption of each option. Assume that the P-UE reservation scheme is same as for the V-UE. When resource reselection is triggered, the counter is reset to a value that is uniformly randomly selected between 5 and 15. On average, resource reselection is triggered after 10 transport blocks.
· For option 1: a P-UE senses 10*10 subframes every 10*1000 subframes. The consumed power is:
1 unit * 10*10 subframes / 10*1000 subframes = 0.01 units/subframe 
· For option 2: a P-UE senses 10*2 subframes every 10*1000 subframes. According to the power consumption model in [1], the consumed power is:
1 unit * 10*2 subframes / 10*1000 subframes = 0.002 units/subframe
Option 1 consumes 5 times the power of option 2 for the sensing alone. When the other operations are included (sleep mode, paging, reception, transmission, synchronization, etc.), option 1 consumes 7.6% more power than option 2.
Observation 1: the PRR performance of the option 1 and option 2 is almost the same, while option 2 is better than option 1 from a power consumption perspective.
As described in [2], the partial sensing window may start at either a random or fixed location. With a random sensing start time, as shown in Figure 3, different P-UEs can select different offset values to start sensing. The details are discussed in our contribution [2]. 


Figure 3. An example of random selecting the sensing start time
 For option 2, the simulation result for fixed and random start is shown in Figure 4 below for urban 60km/h. P-UEs that randomly select the offset values of partial sensing subsets have better PRR than P-UEs that use a fixed offset value in the 1s sensing window. As shown in Figure 4, the PRR of V-UEs the same for both cases.
Observation 2: Having a random start time for the partial sensing window improves PRR for P-UEs and does not affect PRR for V-UEs.
[image: ]
[bookmark: _Ref465964566]Figure 4. Performance comparison of random and fixed sensing start time for partial sensing.
2.2 Resources selection
Two  resource selection options are compared when P-UE cannot find enough resources after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold:
· Option A: The P-UE selects resources in the random resource selection pool.
· Option B: The P-UE repeats RSRP based exclusion step using an RSRP threshold increased by 3dB until enough resources can be found.
In this comparison, partial sensing window determining option 1 is used, and the random resource selection pool completely overlaps with P-UE partial sensing based resource selection pool. Details for Option A are discussed in contribution [2].
The results are illustrated in Figure 5 below for urban 60km/h. ‘Option A’ and ‘Option B’ shows PRR performance of V2V and P2V for the two options of resource selection when P-UE cannot find enough resources after partial sensing described above, respectively.
The simulation results are shown below:
[image: ]
Figure 5. Performance comparison of different resource selection methods
In Figure 5, it can be observed that the P2V performance of ‘Option A’ is better than that of ‘Option B’, and the V2V performance of the two options are similar.
When a P-UE cannot find enough resources after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold, ‘Option B’ will lead the P-UE to select an occupied resource. ‘Option A’ will lead the P-UE to select an unoccupied resource with a congestion level related probability. Hence the P2V performance of ‘Option A’ is better than that of ‘Option B’. However, when compared with the total number of packets transmitted by V-UE, the total number of packets transmitted by P-UE with ‘Option A’ or ‘Option B’ is very small. Hence the V2V performance of ‘Option A’ and ‘Option B’ are similar.
[bookmark: OLE_LINK1]Observation 3: when a P-UE cannot find enough resources after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold, selecting resources in a random resource selection pool provides better performance than increasing the PSSCH-RSRP threshold.
3 Conclusions
For P-UE partial sensing based resource selection method, our observations are as follows:
Observation 1: the PRR performance of the option 1 and option 2 is almost the same, while option 2 is better than option 1 from a power consumption perspective.
[bookmark: _GoBack]Observation 2: Having a random start time for the partial sensing window improves PRR for P-UEs and does not affect PRR for V-UEs.
Observation 3: when a P-UE cannot find enough resources after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold, selecting resources in a random resource selection pool provides better performance than increasing the PSSCH-RSRP threshold.
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Appendix
[bookmark: _Ref450901035]Table 1. Parameter setting for simulation of PC5-based P2V
	Parameter
	Assumptions

	Carrier frequency
	6 GHz

	Bandwidth
	10 MHz

	Number of Subchannel
	3

	Inter-pedestrian distance
	36.344m (14 road grids)

	Transmission mode
	Mode 2

	P2V Traffic model
	300 Bytes @ 1Hz

	Antenna height of Pedestrian
	1.5 m

	Antenna gain of Pedestrian
	0 dBi

	Scenarios
	Urban 60 km/h;
Urban 15 km/h; 
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