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Introduction
At RAN#72 meeting, the new WI proposal on LTE-based V2X services was approved [1]. One aspect of this WI is to specify enhancements for support of V2P service that 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. At RAN1#86 meeting, resource selection for P-UE was discussed, and some agreements were reached [2]:
	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


However, pedestrian UE aspects have not been discussed in RAN2 yet. In this contribution, we will discuss some potential issues for support of V2P services from RAN2 perspective. 
Discussion
P-UE resource selection and resource pool
As stated in the V2X WID, both random resource selection and partial sensing can be considered for P-UE. As we can see, random resource selection scheme is power efficient and easy to implement, but resource collision is inevitable especially when there are a lot of pedestrians nearby. While for partial sensing, it can avoid the potential resource collision to a large degree and achieve better packet reception ratio as evaluated in RAN1. However, it is more power consuming due to the continuous sensing operation.
Both random resource selection and partial sensing for P-UE were discussed in RAN1#86. It is agreed that only random resource selection can be used for P-UEs without sidelink Rx capability. P-UEs only perform random selection in pools in which network configured random selection for P-UE is permitted. For P-UEs with sidelink Rx capability, partial sensing is supported. P-UE partial sensing is based on V2V sensing, the detailed schemes is still under RAN1’s discussion. 
Observation 1: For P-UEs without sidelink Rx capability, only random resource selection can be used. P-UEs only perform random selection in pools in which network configured random selection for P-UE is permitted.
Whether support of partial sensing is mandatory for P-UEs with sidelink Rx capability is FFS as RAN1 agreements. In our view, P-UE with sidelink Rx capability is not mandatory to use partial sensing. Both random selection and partial sensing are supported to select resources for P-UE with sidelink Rx capability. Whether partial sensing or random selection is used needs to be investigated. For RRC connected P-UEs, eNB can configure whether partial sensing or random selection shall be used by the P-UE through dedicated signalling. In addition, eNB can implicitly control resource selection scheme by resource pool configuration. For instance, P-UE uses random selection if eNB configured random selection resource pools, while P-UE uses partial sensing if eNB configured resource pools need partial sensing. For RRC idle P-UEs, some criteria (such as power threshold, resource load, P-UEs density and so on) can be preconfigured or configured by eNB for the P-UE to decide the resource selection scheme to be used. 
Proposal 1: P-UE with sidelink Rx capability is not mandatory to use partial sensing. eNB can configure the P-UE partial sensing or random selection is used or configure some criteria for P-UE to decide the resource selection scheme to be used. 
Another issue needs further study is about the P-UE resource pool design. There are two options for the P2V resource pool design: 1) shared resource pool with V2V; 2) dedicated resource pool for P2V. For shared resource pool, it may induce resource collision between P-UEs and V-UEs especially if P-UEs select resources randomly. For separate resource pool for P2V, resource collision between P-UEs and V-UEs can be avoided. However separate resource pool may lead to resource underutilization due to imbalanced traffic demands for these pools. 
Based on RAN1#86 agreements, resource pools for P-UE using random selection may be dedicated or overlapped with other pools, which is up to eNB configuration. If P-UE random selection resource pool overlaps with P-UE partial sensing resource pool, the resource collision between P-UEs with random selection and P-UEs with partial sensing may happen. Since transmission period of P-UE is long in general (such as 1s), the impact on P-UE may be more serious when resource collision happen especially happen in consecutive times (that the transmission interval of P-UE would be much longer, i.e. P-UE could not transmit the warning message during a longer time). Therefore, to avoid such resource collision, it is better that P-UE random selection resource pool is non-overlapped with P-UE partial sensing resource pool. To support both random resource selection and partial sensing of P-UEs, network should configure at least two kinds of resource pools in broadcast, that one is for P-UEs using random selection and the other one is for P-UEs using partial sensing.
Proposal 2: To avoid resource collision between P-UE with random selection and P-UE with partial sensing, it is better that P-UE random selection resource pool is non-overlapped with P-UE partial sensing resource pool.
Proposal 3: To support both random resource selection and partial sensing of P-UEs, network should configure two kinds of resource pools in broadcast, that one is for P-UEs using random selection and the other one is for P-UEs using partial sensing.
On the other hand, if resource pools permitted by P-UEs with random selection are overlapped/shared with V-UEs sensing based resource pools, some resource priority mechanism can be considered to minimize impact of resource collision between P-UEs and V-UEs. For example, semi-persistent transmission can be considered for P-UE with random selection, in which case V-UEs can avoid selecting the resources occupied by P-UEs by sensing. Or in the overlapped resource pool, P-UEs with random selection can use resources with higher priority than V-UEs. Specifically, if V-UE identifies occupied resource by a P-UE with random selection, the V-UE will give up the resource or the resource subset including that resource. It should be noted that the resource pools for P-UE using partial sensing can share with resource pools of V-UEs for resource efficiency. 
Proposal 4: If resource pools permitted by P-UEs with random selection are overlapped with V-UEs sensing based resource pools, mechanism to reduce resource collision between P-UEs and V-UEs should be considered. 
P2V/V2P enable/disable
P2V transmission is for P-UE to broadcast warning messages to surrounding vehicle UEs. Vehicle UEs receiving P2V messages perform collision risk assessment and then take action to avoid potential collision with pedestrian UE. Alternatively, pedestrian UE can receive V2X messages from vehicle UEs nearby to avoid potential risk. As we know, the P-UE has stringent requirement on power consumption. The continuously transmitting and/or monitoring of V2X message may lead to the P-UE run out of power quickly. In order to extend the battery life of P-UE, it is unnecessary for P-UE to transmit or monitor all the time. As a matter of fact, only when P-UE is in vulnerable situation with potential traffic hazard should the P2V transmission and V2P reception of P-UE be performed. For example, when P-UE is in traffic intersection, turning of road, school zone and so on, the P-UE should enable the P2V transmission and/or V2P reception. Otherwise, when the P-UE is in the safe place such as at home, within a building, it is better to disable P2V/V2P operation for the purpose of power efficiency. As we can see, P2V/V2P operation could be enabled/disabled based on P-UE’s location. 
Considering some special scenarios, for example, P-UE is located in an outdoor restaurant in vicinity of road, or P-UE is getting on the bus/taxi. The P-UE may wrongly decide that it is in vulnerable situation and then enable the P2V/V2P operation. Based on this observation, some may argue that user’s choice/manual operation should be also considered. However, in our view, it is dangerous for user to manually enable/disable P2V/V2P operation because user may not do it in time. If the user forgets to enable the P2V/V2P operation when go out of building towards intersection, the user may encounter serious risk. Therefore, only the location based P2V/V2P operation enabler is suggested.
From the perspective of implementation, P-UE can analyze if it’s in vulnerable situation based on location info from equipped GPS and geo map in the application layer. Hence, the application layer can determine whether to enable/disable P2V/V2P operation. No AS specification impact is required. 
Proposal 5: For the purpose of power efficiency, the P2V/V2P operation of P-UE can be enabled only when P-UE is in vulnerable situation. The enable/disable of P2V/V2P operation can be based on P-UE’s location, which is up to application layer implementation.
V2P reception
The P-UE can be aware of nearby vehicles’ status and surrounding environment through V2P reception. It is beneficial for avoiding potential risk on the P-UE. V2P reception includes P-UE receiving V2P messages on sidelink and/or Uu interface.
· V2P message reception on PC5
In current V2V sidelink communication, vehicle UE monitors all transmitting pools of serving cell and neighbour cells. When it comes to the P-UE, it is power consuming for P-UE receiving on all these pools. For P-UEs with sidelink reception capability, P-UE reception needs to be optimized for the purpose of power efficiency. As we can see, the information of far away vehicles poses less risk to the P-UE, so P-UE may only need to receive V2P messages on local area. For example, P-UE only receives on resource pools corresponding to the zones it resides and nearby. However, this may have significant specification impact since zone concept is not applied to reception pools in current V2V sidelink communication. 
Proposal 6:  For power efficiency, P-UE may only receive V2P messages on the local area. 
· V2P message reception on Uu
For P-UEs without sidelink reception capability, V2P reception on Uu by multicast/broadcast can be considered. The V2X application server can filter packets and deliver the warning messages to pedestrians. Since the information P-UE interested may be different from vehicle UE, separate TMGIs for V2P broadcast may be considered. In this case, the BM-SC may allocate the TMGI for V2P broadcast and network needs to establish the MBMS bearers for V2P message broadcast which is different from V2V broadcast.
Proposal 7: For P-UEs receiving on Uu, separate TMGI for V2P broadcast can be considered.
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In this paper, we discussed some potential issues for support of V2P services, such as P-UE resource selection and resource pool, P2V/V2P enable/disable and V2P reception. And we have the following observations and proposals:
Observation 1: For P-UEs without sidelink Rx capability, only random resource selection can be used. P-UEs only perform random selection in pools in which network configured random selection for P-UE is permitted.
Proposal 1: P-UE with sidelink Rx capability is not mandatory to use partial sensing. eNB can configure the P-UE partial sensing or random selection is used or configure some criteria for P-UE to decide the resource selection scheme to be used.
Proposal 2: To avoid resource collision between P-UE with random selection and P-UE with partial sensing, it is better that P-UE random selection resource pool is non-overlapped with P-UE partial sensing resource pool.
Proposal 3: To support both random resource selection and partial sensing of P-UEs, network should configure two kinds of resource pools in broadcast, that one is for P-UEs using random selection and the other one is for P-UEs using partial sensing.
Proposal 4: If resource pools permitted by P-UEs with random selection are overlapped with V-UEs sensing based resource pools, mechanism to reduce resource collision between P-UEs and V-UEs should be considered.
Proposal 5: For the purpose of power efficiency, the P2V/V2P operation of P-UE can be enabled only when P-UE is in vulnerable situation. The enable/disable of P2V/V2P operation can be based on P-UE’s location, which is up to application layer implementation.
Proposal 6:  For power efficiency, P-UE may only receive V2P messages on the local area.
Proposal 7: For P-UEs receiving on Uu, separate TMGI for V2P broadcast can be considered.
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