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Introduction
The V2P (vehicle-to-pedestrian) is commonly used to denote communications between UEs mounted on vehicles and handheld UEs (pedestrians, cyclists, etc.). Handheld UEs are subject to additional constraints (e.g., energy efficiency, UE complexity, etc.) when compared to UEs mounted on vehicles. V2P has been discussed within the V2X Work Item and specifically at RAN1#86 extensive discussion took place on resource management and resource selection for pedestrian UEs (P-UEs). 
The document, together with [4], aims at proposing a way forward on the open items from the RAN1#86 discussions, see [1]. In this document, aspects relating to partial sensing are treated.
	Agreement: (from RAN1#86 [5])
· 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

Agreement: (from RAN1#86bis [6])
· 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:




Partial sensing
[bookmark: _Ref465698545]General considerations
As RAN1 observed in the past, sensing-based resource selection has important implications both in terms of energy sensing and UE complexity. We believe that these reasons justify the support of P-UEs that do not include a PC5 RX chain. However, we also the importance of having P-UEs that are capable of performing sensing-based resource selection, even if sensing is only partial as we describe below. For example, this may find applications in vulnerable road users carrying P-UEs such as cyclists, etc. Such UEs may generate more traffic and require more interaction with other nearby UEs.
Proposal 1:
· Support for partial sensing in P-UEs is optional. 
Subframe sensed by the UE
Sensing is performed by UEs to predict future resource utilization in two ways: by reading SAs transmitted by other UEs and by measuring energy contents in specific resources.
An SA transmitted by a UEs may contain information about the intention of the UE to utilize the same frequency resources for transmission at a later time. This allows for booking resources in {20,50,100,200,…1000 ms}, where the different values are configurable per pool (20 and 50 ms) or per carrier (100,…, 1000 ms). Based on this, all the knowledge to be obtained through sensing about the future utilization frequency resource in subframe m is present in subframes m-k, where k are all the allowable booking values for that pool and carrier. However, this presuposes that SAs are always correctly decoded and to some extent it dispenses with the robustness of energy sensing. 
For example, consider the situation depicted in Figure 1. In this case, the only possible booking period is 100 ms. Consequently, all information about future reservation of a frequency resource at time m can be obtained from the SAs transmitted at time m-100. However, if these SAs are not decoded correctly, then the resource will be perceived as free since energy sensing is not utilized at all. Clearly, if the P-UE had been required to sense not only for m-100 but also for m-200, m-300, m-400, etc. the energy measurements would have revealed that the resource was indeed occupied. 
[image: ]
[bookmark: _Ref465712988]Figure 1. Illustration of the problem of sensing only for supported reservation periodicities.
In summary, we believe that to in order to be able to select a frequency resource in subframe m, the P-UE must have sensed on all subframes m-i*Pmin spanning the last second, where Pmin is the smallest allowable reservation period in the pool/carrier. This may result in a large energy consumption for 20 and 50 ms depending on the final agreements on sensing for these shorter periodicities (see [7]). However, these values are for high-performance pools (e.g., for demaning use case like platooning, etc.) in which P-UE are not expected to transmit in any case.
Proposal 2:
· If a frequency resources in subframe m is candidate for resource selection with partial sensing, then the P-UE must sense on all subframes m-i*Pmin for i={1,…, floor(1000/Pmin)}.
· Pmin is the minimum allowed reservation periodicity in the pool/carrier (from configuration/preconfiguration).
· FFS: restrictions on the range of i for Pmin={20,50 ms} (e.g., depending on the agreements for sensing with smaller periodicities).
Note that this proposal establishes the required relationship between the candidate subframes for resource selection (i.e., m) and the subframes on which sensing is performed (i.e., m-i*Pmin).
Candidate subframes for resource selection
In sensing-based resource selection for V-UEs, the initial set of candidate subframes for resource selection at time is [T1,T2], where 0 ≤ T1 ≤ 4 and 20 ≤ T2 ≤ 100 are up to UE implementation. To reduce the energy consumption, we propose that P-UEs are able to select a smaller initial set of candidate subframes for resource selection. More specifically, we believe that it is sufficient that the UE has an initial candiate subset of, at least, N=5 subframes. To ensure that the load is evenly distributed over all the resources, UEs are required to change the initiat set of candidate subframes for every reselection. 
Proposal 3:
· The initial set of candidate subframes for resource selection by P-UEs using limited sensing consists of N subframes in the interval [T1,T2]. 
· The value N≥5 is up to UE implementation.
· T1 and T2 are as defined in the spec.
· The initial set of candidate subframes for resource selection by P-UEs is changed every time a UE reselects resources.
· Details FFS.
Conclusions
In this paper we have proposed the following:
Proposal 1:
· Support for partial sensing in P-UEs is optional. 
Proposal 2:
· If a frequency resources in subframe m is candidate for resource selection with partial sensing, then the P-UE must sense on all subframes m-i*Pmin for i={1,…, floor(1000/Pmin)}.
· Pmin is the minimum allowed reservation periodicity in the pool/carrier (from configuration/preconfiguration).
· FFS: restrictions on the range of i for Pmin={20,50 ms} (e.g., depending on the agreements for sensing with smaller periodicities).
Proposal 3:
· The initial set of candidate subframes for resource selection by P-UEs using limited sensing consists of N subframes in the interval [T1,T2]. 
· The value N≥5 is up to UE implementation.
· T1 and T2 are as defined in the spec.
· The initial set of candidate subframes for resource selection by P-UEs is changed every time a UE reselects resources.
· Details FFS.
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Annex (Energy consumption calculations)
Model from [3]





(23 dBm output power)
For simplicity, it is assumed in the calculations below that energy consumption due to the UE being in light sleep applies to each subframe.
Baseline UE (see [2])

P2V without sensing

P2V with 10 ms sensing per 1000 ms

P2V with 30 ms sensing per 1000 ms
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