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1. Introduction
In the last RAN#72 meeting, a new WI “LTE-based V2X Services” was approved. One of the objective is “Random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs” ‎[1].

In this document we discuss about the sensing operation during a limited time for P-UEs and on possible solutions for P-UE resource selection.

2. Discussion

In the aspect of providing road safety, communications between pedestrian UEs and vehicle UEs is essential to prevent potential accidents. A pedestrian retrieving a V2P message introduces human time scale latency, which may be too slow and may further distract attention from the road. A vehicle retrieving a P2V message can react much faster, at machine time scale latency. Therefore P2V is prioritized over V2P. 
It has been identified by RAN1 that collision of transmissions could cause performance reduction when randomly selecting resources from a resource pool ‎[2]. As a result, in V2V, RAN1 has introduced a sensing mechanism to mitigate this problem. However, such a sensing approach is not optimal for a P-UE because it induces significant power consumption ‎[3]. Furthermore, with current V2P schemes, a P-UE already consumes considerable power because it needs to receive V2P messages which are generated every 100ms by at least those vehicles which are in proximity. On the other hand, P2V has the potential to consume less battery power because a P-UE needs to access a channel only once in every 1000ms. However, the exact amount of battery consumption is dependent of the P-UE behavior in “sensing”. If a P-UE was also able to sense the channel to identify which resources are occupied by the other UEs, then P-UE power consumption would increase proportionally to the duration of the sensing operation.

It would be advantageous to provide a means for minimising the collision probability of V2P and P2V communications without a P-UE having to perform a comparatively long sensing operation that degrades the battery life.

V2V sensing operation is agreed to be for at least 1000ms, according to energy measurements and/or SA decoding. Energy-based sensing operation assumes transmissions repeat on the next interval where the V-UE selects its resource, and SA decoding allows the V-UEs to determine the overall resource occupation in their proximity.

We can consider the following two methods for P-UE sensing operation with a short sensing duration (e.g. for 10ms):

· Method 1: P-UE performs energy based sensing for its transmission ‎[4].

· Method 2: P-UE performs SA-decoding based sensing for its transmission.

Energy based sensing is sensitive to road traffic changes (various velocities): If the transmissions periodicities are not restricted to a limited subset of values that are integer dividers of their maximal value (e.g. only 100ms, 200ms, 500ms and 1000ms), then the sensing window would not repeat itself in the next interval. Figure 1 shows an example of TX periodicity of 300ms with partial sensing window and a fixed reservation interval of 1000ms, where we observe energy-based sensing cannot provide a proper evaluation. This method also introduces large delay from sensing to transmission (about 1000ms).
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Figure 1: Energy based sensing
Observation: Energy based sensing operation at P-UE with a fixed reservation interval of 1000ms is improper for sensing V-UE’s messages transmitted with periodicities of 300, 400, 600, 700, 800 and 900ms.

Proposal 1: RAN1 should not adopt energy based sensing operation for V2V/P2V in case various transmit periodicities are allowed.

SA-decoding based sensing during a limited sensing time is also not expected to give an overall view of resource pool occupation. For example, taking the best case when highest transmission rate is assumed, a window size of 100ms should be sufficient to sense transmissions from UEs which transmit with a periodicity of up to 100ms, and this sensing duration would already not be acceptable of P-UEs due to high power consumption.
Observation: SA-decoding based sensing operation requires at least a sensing window duration of the transmit periodicity.

Proposal 2: RAN1 should take into account that SA decoding based sensing operation for P2V with limited sensing duration is not sufficient.
The crash avoidance metrics partnership has suggested that vehicles travelling at around 60 km/h should transmit every 300ms whereas vehicles travelling at slower speeds of around 15 km/h can transmit every 1000ms ‎[5]. And pedestrians, travelling at walking speeds, transmit P2V messages typically every 1000ms. For pedestrians riding on high-speed bicycles, the speeds of which can go up to 56km/h, and their transmission rate should increase accordingly. These periodicities, at least for vehicles, are derived from ETSI requirements that for every 4 meters the UE sends a message ‎[6]. The cost of transmitting at a higher transmission rate is wasting more resources, whereas the cost of transmitting at a lower transmission rate is increasing the latency.

Observation: Various transmit periodicities from 100ms to 1000ms with relatively small steps (e.g. K*100ms, where K from 1 to 10) are beneficial to fulfill ETSI requirements, with efficient bandwidth and latency.

We can consider another method for P-UE assisted resource selection on the PC5 resource pool shared with V-UE transmissions. A P-UE may receive indications of likely available resources from multiple V-UEs, aggregate the received indications and select one resource from the aggregated list. This method helps in avoiding resource collisions when P-UEs and V-UEs share the same resource pool, while at the same time, saving battery power consumption in the P-UE by minimising P-UE reception time duration (by setting a comparatively small time interval during which a P-UE listens for channel activity). A further benefit is latency reduction as the method allows for a shorter time offset being selected thereby allowing P-UE transmission almost immediately following a resource selection.

In Figure 2 below, we provide simulation results of urban scenario with vehicle speed of 60 km/h comparing the PRR of the proposed method with energy based sensing and SA decoding based sensing. The simulation assumptions are based on ‎[7] where TX periodicities are 300ms and 1000ms for V-UE and P-UE respectively.  From the figure, we can see that energy based sensing operation gains only from predicting the other P-UEs allocations, since only P-UEs’ TX periodicity is aligned with the observation interval. We also note that SA-decoding based sensing operation is not sufficient with only partial sensing, and gives about the same results as in pure random resource selection. However, P-UE assisted sensing operation (the proposed method) gives higher P2V PRR for all distance values up to 125m.
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Figure 2: Average P2V PRR versus distance for PC5 based P2V.
Observation: In urban cases with 60 km/h, assisted based sensing achieves about average PRR 92% at 75m range, energy based sensing achieves merely average PRR of 82%, and SA-decoding based sensing achieves as for random resource selection about average PRR of 65%;

According to ‎[7], the performance of V2P and P2V should satisfy the requirement of 90% PRR within 75m range. 

Observation: The requirement of P2V can be met with P-UE assisted method for resource selection on PC5. While on the other hand, the other methods would not satisfy the requirement.

In Figure 3 we provide the performance of V2V to show the impact of the P-UE resource selection methods, and for reference also V2V without P-UEs (Note: pool load with P-UEs is about 141%, and pool load without P-UEs is about 114%). V2V performance follows the same trend observed for P2V performance since the better the P-UEs select their resources, the less resource collisions between all UEs (V-UEs and P-UEs). P-UE assisted sensing operation (the proposed method) gives higher V2V PRR for all distance values up to 150m.
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Figure 3: Average V2V PRR versus distance for PC5 based P2V.
Observation: V2V performance can be kept high with P-UE assisted method for resource selection on PC5. 

Proposal 3: RAN1 should adopt assisted based sensing operation for P2V with limited sensing duration for PC5 shared resource pool with V-UE transmissions.
3. Conclusion
In this contribution we provide a comparison of several methods for sensing operation during a limited time for P-UE on PC5. 

We further propose a new method for sensing operation during a limited time where assisted information is provided. 

Proposal 1: RAN1 should not adopt energy based sensing operation for V2V/P2V in case various transmit periodicities are allowed.

Proposal 2: RAN1 should take into account that SA decoding based sensing operation for P2V with limited sensing duration is not sufficient.
Proposal 3: RAN1 should adopt assisted based sensing operation for P2V with limited sensing duration for PC5 shared resource pool with V-UE transmissions.
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