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1
Introduction

During RAN1#86 the following agreements related to V2P were reached [1]:

Agreement:

· The specification supports the possibility for a P-UE to use random selection, including at least all P-UEs which do not have sidelink Rx capability

· If a P-UE uses random selection, it shall only pools in which random selection by P-UEs is permitted

· It is up to network configuration whether a pool in which random selection by P-UEs is permitted overlaps with other pools

· The specification supports the possibility to configure pools in which random selection by P-UEs is not permitted

· The specification supports the possibility for a P-UE to use partial sensing in a subset of subframes

· Details of P-UE partial sensing are FFS

· V2V sensing-based resource selection is the baseline; strive to define P-UE partial sensing-based resource selection to be as similar as possible to V2V sensing-based resource selection

· FFS whether support of partial sensing is mandatory for P-UEs with sidelink Rx capability

· FFS under what conditions a P-UE that supports partial sensing uses partial sensing

· If a P-UE uses partial sensing, 

· details of resource pool FFS

Additional, in RAN1#86-BIS [2] the following agreements were reached.
Agreement:
· The following aspects needs to be addressed to define resource selection based on partial sensing

· How to determine the subset of subframes in which UE performs sensing

· How to determine the subset of subframes for the candidates of resource selection

· How to relate these two subsets

· Study the above aspects in terms of PRR and energy consumption.
In this contribution we discuss PC5 based V2P communication with a focus on partial sensing design. The structure of this contribution is as follows:

· Section 2 discusses some details of partial sensing design.
· Section 3 concludes this contribution. 

2
Partial Sensing Design for V2P
Compared to random resource selection, P-UEs with sidelink Rx capability could perform partial sensing to improve system performance by reducing collision, at the cost of power consumption. The exact partial sensing procedure can re-use the agreements on V-UE (vehicle UEs) sensing procedure, with a change to the sensing window. For V-UE, the sensing window is [m-a, m-b), where a=b+1000, b=1, and m is the TB arrival time and resource selection time. For P-UEs, under the idealized assumption that P-UEs share the same packet arrival interval of 1 second, a reasonable choice is a = b + 100 and b = 899. Note that this sensing window is 1 second before the largest possible resource selection window [m+1, m+100] and captures the resource usage by P-UEs and V-UEs a period ago. Figure 1 illustrates the partial sensing timeline in this idealized case.
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Figure 1: Example partial sensing timeline with idealized 1s TB arrival interval
However, in practice packets of a P-UE may not always arrive at exactly 1 second intervals, so the P-UE in general can not know the exact arrival time of the next TB m and wake up to sense the window [m-a,m-b). Note that the uncertainty of m is not a problem for V-UEs since V-UEs constantly sense the channel without going to sleep. 
Due to this problem we need to modify the above design. Note that in the ideal case that packets arrive in regular intervals, the sensing window starts exactly after the TB arrival time. Therefore, we propose that P-UE sense the channel for 100ms after a TB arrival, if a resource reselection is expected for the next TB transmission. The P-UE can predict whether a reselection will occur using the following procedure. When a TB arrives, if SL_RESOURCE_RESELECTION_COUNTER = 1, the P-UE knows that the counter will be 0 after this TB transmission. According to RAN2 agreement, by this time the P-UE has already tossed a coin to decide whether a reselection is needed for the next TB. The propose partial sensing timeline is shown in Figure 2.
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Figure 2: Proposed partial sensing timeline
Proposal 1: The partial sensing procedure by P-UEs can re-use the sensing procedure of V-UEs, with a change of the sensing window. Specifially, if a TB arrives at subframe m’, and if SL_RESOURCE_RESELECTION_COUNTER = 1 and a coin toss decides that resource reslection is triggered for the next TB, then the P-UE performs sensing in the window [m’+1, m’+101). 
Our design answers the questions raised in RAN1#86-BIS as follows.

· How to determine the subset of subframes in which UE performs sensing
· If resource reselection is expected for the next TB, the subset of subframes to sense is [m’+1, m’+101), where m’ is the arrival time of the current TB.

· How to determine the subset of subframes for the candidates of resource selection
· The subset of candidate subframes is [m+1, m+101), where m is the arrival time of the next TB for which resource selection is needed.

· How to relate these two subsets
· One-to-one mapping between the two subsets. The quality of subframe j in [m+1, m+101) is estimated based on subframe j-k*100 in [m’+1, m’+101) where k is an integer.
A alternative design (in, for example [3]

 REF _Ref465778730 \r \h 
[4]) is that a P-UE wakes up every 100ms to perform sensing, and after each wakeup the UE senses, for example, 10 subframes. The candidates of resource selection include 10 subframes. Compared to our proposal, although the total number of sensed subframes per second is the same (assuming 1s packet arrival intervals for P-UEs), this design requires 10 wakeups by a P-UE during 1 second in order to transmit only one packet. Note that each wakeup and sleep consumes extra power, which is due to
· S2W (Sleep-to-Wake) and W2S (Wake-to-Sleep) energy overhead

· RF warm-up during each wakeup which takes several milliseconds
Clearly, in the alternative design such energy overhead is 10 times higher. This is unfavorable considering the importance of power consumption for P-UEs.

To allow for power saving, we propose that partial sensing is not mandatory for P-UEs with sidelink Rx capability. The network can configure whether partial sensing should be performed. To avoid resource fragmentation, P-UEs which perform partial sensing can use the V2V resource pool. Our earlier contribution showed that the performance is acceptable [5].
Proposal 2: Partial sensing is not mandatory for P-UEs with sidelink Rx capability. The network can configure whether partial sensing should be performed. To avoid resource fragmentation, P-UEs which perform partial sensing can use the V2V resource pool.
4
Conclusion

In this contribution we made the following proposals for sidelink based V2P.
Proposal 1: The partial sensing procedure by P-UEs can re-use the sensing procedure of V-UEs, with a change of the sensing window. Specifially, if a TB arrives at subframe m’, and if SL_RESOURCE_RESELECTION_COUNTER = 1 and a coin toss decides that resource reslection is triggered for the next TB, then the P-UE performs sensing in the window [m’+1, m’+101).
Proposal 2: Partial sensing is not mandatory for P-UEs with sidelink Rx capability. The network can configure whether partial sensing should be performed. To avoid resource fragmentation, P-UEs which perform partial sensing can use the V2V resource pool.
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