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Introduction
In RAN#72, a work item proposal [1] for LTE-based V2X services was approved. The following objective for V2P service was specified:
3) To specify enhancements for support of V2P service:
a) 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 [RAN1, RAN2]
In this contribution, we focus on resource selection based on partial sensing for V2P communication. We first discuss the choice of sensing subset and related selection candidate subset for partial sensing, and then analyze associated energy consumption. 
In a companion contribution [2], we focus on random resource selection for V2P communication.    
Resource selection for V2P communication  
Resource selection using partial sensing
For resource selection using partial sensing, the following relevant agreements were reached [3]:
· 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

To answer the design questions above, we first need to determine the period with which a pedestrian UE performs sensing. Since the majority of data traffic is of 100ms period and other data traffic periods (e.g.200ms, 300ms,, 1000ms) are multiple of 100ms, a suitable choice of sensing period at pedestrian UEs is 100ms.
A pedestrian UE should randomly determine a subset of continuous sub-frames (e.g.10 subframes) as a partial sensing subset. The UE performs sensing in the partial sensing subset every 100ms. The resource selection decision is made based on sensing results in the previous sensing duration (i.e.1s) which includes 10 sensing periods. The selection candidate subset (in the future) has the same relative subframe locations in 100ms as the partial sensing subset.    
Proposal 1: Consider 100ms sensing period for partial sensing based resource selection at pedestrian UEs.
Proposal 2: Consider using the sub-frame sets with the same relative locations in each 100ms as sensing subset and selection candidate subset.
  
Energy consumption analysis 
The suitability of the design for partial sensing based resource selection needs to be studied in terms of energy consumption and PRR. Based on the energy consumption model for D2D [4], we can compare energy consumption of different resource selection schemes for P2V communication. 
For random resource selection, the energy consumption can be calculated as                                  

Here Psleep=0.01 units, Tpaging=1 subframe, PRx=1 unit, Tsync=8 subframes, TTx=1 subframe, PTx=4 units, PGPS=0.08units. We can see that GPS which is critical for V2P service consumes the majority of energy. 
For partial sensing, the energy consumption can be calculated as 

Here Tsens=k*10. k denotes the number of sensed subframes in a sensing period (100ms). The extra energy consumed by sensing is linear in k. When k=1, Psens=0.113 which is about 10% increase compared with random resource selection. The partial sensing based resource selection with k=1 is equivalent with random selection in time domain and sensing based resource selection only in frequency domain. When k=10, Psens=0.203 which roughly doubles the energy consumption of random resource selection. When k increases to 20, Psens=0.303 which roughly triples the energy consumption of random resource selection.
The more subframes sensed (the larger k is), the better the system level performance in terms of PRR is. We performed system-level simulation to evaluate performance of partial sensing based resource selection. The system level simulator is compliant with the evaluation methodology agreed in RAN1 and summarized in [5]. The urban deployment scenario is simulated. The vehicular speed is set to 60 km/hr. The size of data pool is 100 sub-frames in time domain and 42 RBs in frequency domain. Each PSSCH occupies 14 RBs. The number of transmissions for a MAC PDU is 1. The period of vehicular data traffic is 100ms and the period of pedestrian data traffic is 1s. The following figure shows the system level performance in terms of packet reception ratio versus distance. 
In the simulations, vehicular UEs perform full time sensing based resource selection. The baseline is that pedestrian UEs also perform full time sensing. Three other cases are simulated. In case 1, pedestrian UEs perform random selection with fresh random selection for each pedestrian data traffic period. In case 2, pedestrian UEs perform random selection with semi-persistent transmission (spt). In case 3, pedestrian UEs perform partial sensing based resource selection with different number of sensing subframes. 
Simulation results show that P2V performance increases with the increasing number of sensing subframes. The P2V performance of partial sensing based resource selection (k=1) is only slightly better than random selection with semi-persistent transmission (case 2), but the partial sensing scheme consumes 10% more energy. Increasing k to 10 can substantially improve P2V performance, but it almost doubles energy consumption. The P2V performance with k as 20 approaches that of full time sensing. 
Hence there is a tradeoff between P2V performance and associated energy consumption. A suitable choice of the number of sensing subframes k depends on the P2V performance target and resource pool congestion level (CBR). The number of sensing subframes k should be adjustable based on estimated CBR. At the PHY, a pedestrian UE selects k based on CBR. The UE should also be able to switch from partial sensing based resource selection to random resource selection. The CBR information should be sent to higher layer. Then higher layer can perform congestion control based on CBR and other factors (such as remaining battery level). 
[image: ]
Fig.1. System level performance for coexistence of V2V and P2V communication
Proposal 3: For partial sensing based resource selection, a pedestrian UE should be able to adjust the number of sensing subframes based on estimated CBR.  
Proposal 4: Consider allowing a pedestrian UE switch from partial sensing based resource selection to random resource selection based on estimated CBR.   
Proposal 5: At a pedestrian UE, the CBR information should be sent to higher layer so that the higher layer can perform congestion control based on CBR and other factors (such as remaining battery level).
Conclusions
Based on the discussion above, we have the following proposals:
Proposal 1: Consider 100ms sensing period for partial sensing based resource selection at pedestrian UEs.
Proposal 2: Consider using the sub-frame sets with the same relative locations in each 100ms as sensing subset and selection candidate subset.
Proposal 3: For partial sensing based resource selection, a pedestrian UE should be able to adjust the number of sensing subframes based on estimated CBR.  
Proposal 4: Consider allowing a pedestrian UE switch from partial sensing based resource selection to random resource selection based on estimated CBR.   
Proposal 5: At a pedestrian UE, the CBR information should be sent to higher layer so that the higher layer can perform congestion control based on CBR and other factors (such as remaining battery level).
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