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1 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. At RAN1#86 extensive discussion took place on resource management and resource selection for pedestrian UEs (P-UEs). 

However, in RAN2 no discussion on this topic has taken place yet. Intention of this contribution is to provide a background on this new feature and provide some proposals.

Below are listed the agreement from RAN1#86 [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


2 Discussion
The main motivations for a differentiated operation for pedestrian UE are energy efficiency and UE complexity. RAN1 has agreed that sensing will be the basis of V2X communications. How the sensing procedure works has been discussed in RAN1#84-bis and RAN1#85 [1]. Regarding the duration of the sensing procedure it was agreed in RAN1#85 that
	Agreement:
· The values of a and b are fixed

· b > 0

· Confirm the working assumption “The values a and b are common for V2V UEs”

· a = 1000 + b

· All the decoded SA transmissions in TTI [n-a, n-b) are taken into account.

· A decoded SA which is associated with data transmissions in data resource(s) at any TTI [n-a, n-b) and transmitted earlier than TTI n-a is taken into account.


From the above agreement, we can deduce that the sensing procedure should take into consideration at least 1000 subframes before the subframe for actual of transmission, i.e. sensing should last at least 1 second.

Observation 1 As per RAN1 agreement, V2V communications are based on a sensing procedure which should last at least for a sensing window of 1 second.

Therefore, the sensing is a quite demanding task from energy consumption perspective, since in practice all configured carriers should be continuously sensed to minimize the collision risk. However, the energy consumption due the above sensing procedure is not a problem for vehicle-mounted UEs.

On the other hand, for a pedestrian UE (P-UE) the energy consumption has been shown to significantly increase compared to a UE, not designated for V2P usage. The main reason for this is the continuous use of GPS to determine the UE position (and synchronization reference), and the sensing procedure which is supposed to further exacerbate the battery consumption. For this reason, random selection has been agreed by RAN1 which however might have the drawback of not offering good performances in terms of collision avoidance.

Observation 2 A full sensing procedure might be demanding for a P-UE in terms of battery consumption, whereas a pure random selection scheme might not always offer good performances in terms of transmission collision avoidance.
As such, RAN1 has also agreed to introduce a partial sensing procedure as a good trade-off between the demanding full sensing procedure and a pure random selection which in some case (e.g. congestion) might not be the best option.

Observation 3 RAN1 has agreed for P-UE to introduce a partial sensing procedure which allows a UE to limit at one time the energy consumption and transmission collision risk.

2.1 Partial sensing

The partial sensing procedure for P-UE consists of a periodic sensing procedure, e.g. every 100ms according to the booking granularity, and of as sensing duration aligned with V2V, i.e. 1 s. This ensures that (as long as the SCI is decoded) the P-UE will have full knowledge of the resource booking in its selected sensing resource subset.

Observation 4 If partial sensing is performed periodically with a period of 100 ms, the UE would have full knowledge of resource booking on the set of resources periodically sensed.
For this reason, we propose the following:
Proposal 1 When doing partial sensing, the UE performs sensing periodically, e.g. during a certain number of subframes every 100ms according to the booking granularity, for the whole duration of 1 second (as in full sensing).

Proposal 2 When partial sensing is concluded, the UE performs the booking on the subset of resources periodically sensed during the partial sensing.

Clearly, the amount of resources sensed can be increased by the UE, thereby allowing the UE for a larger set of resources that can be booked. For example, in case of high congestion, which the UE should be able to observe by detecting SCI, the UE might increase the number of sensed resources. However, the amount of resources to be sensed during partial sensing procedure should be under the control of P-UE even though a minimum amount of resources should be sensed.

Proposal 3 The UE shall sense at least a minimum amount of resources when the partial sensing procedure is adopted.
Similarly, whether to perform random selection or partial sensing should be determined by the P-UE on the basis for example of the congestion status. However, the pool in which random selection is performed should be separated from the pools used for sensing, so that the network can configure no overlap, partial overlap, or total overlap of this random selection pool and other pools.
Proposal 4 Whether to use partial sensing or random selection is up to UE implementation.
Proposal 5 A dedicated pool for P-UEs using random resource allocation is defined.

For the V2V work in Rel-14 it has been agreed to introduce two additional transmission modes 3 and 4 that mirror transmission mode 1 and 2, but where enhancements have also been made to accommodate V2X use cases.

In sidelink transmission mode 4, where the V-UE selects resources, a sensing functionality is also required where the UE continuously monitor the resources for 1s to detect resource booking from other devices. As has been shown above, the partial sensing (considered for P-UEs) proposed in Proposal 1 and in Proposal 2  follows the sensing used by V-UE, with the only restriction that the sensing is not continuous during the 1s period. Hence, at a given subframe where the P-UE intends to transmit, the collision rate will be identical to a V-UE that has performed continuous sensing and intends to transmit on the same resources. Hence, it is proposed that partial sensing is included in sidelink transmission mode 4 and higher layer signalling will determine whether a UE is allocated sidelink transmission mode 4 or not, based on the UE capability.

Proposal 6 Sidelink transmission mode 4 supports both continuous and partial sensing. The type of sensing used in transmission mode 4 is up to UE capability.

On the other hand, it is proposed to add a new transmission mode for random selection. 
Proposal 7 Introduce a new transmission mode 5 for P2V, which is the same as transmission mode 4, except that random selection is used rather than sensing.

2.2 UE capability

Given Proposal 4, it naturally follows that mandatory support for partial sensing for a P-UE that supports sidelink reception is not required. Hence, it is proposed that:

Proposal 8 The support of partial sensing for P-UEs with sidelink Rx capability is optional.
More in general, regarding reception capabilities, in principle a UE could monitor any of the V2X pools in order to maximize reliable and timely reception. In V2V, delay constraints are very critical, e.g., to activate automated braking system or to ensure efficient cooperative adaptive cruise control. However, it seems reasonable that for pedestrians such delay constraints can be relaxed. The main reason is that, if the UE monitors the V2X pools it might receive many message from all the UEs in the communication range, which might eventually drain the battery. Furthermore, Uu multicast reception can be used. Although latency might be higher, the V2X AS can make sure to properly filter packets and only deliver a single warning message to the pedestrian. Therefore, also considering UE complexity, it seems not urgent to require sidelink reception capabilities for pedestrians, i.e. pedestrians can monitor the Uu multicast channel to receive vehicles presence warnings.

Proposal 9 No sidelink reception capabilities are required for pedestrians UEs.
2.3 Authorization

Similar to mode-2, pedestrian UEs using the partial sensing or the random resource selection mode for P2X should be able to transmit over PC5 in both RRC_CONNECTED and RRC_IDLE state. For RRC_CONNECTED state, this specific “pedestrian operation”, which benefits more on the energy efficiency and lower complexity than delay-critical performance, should depend on the specific UE capability. Therefore, it seems better to provide explicit authorization for usage of pedestrian-related transmission (similarly to legacy ProSe), rather than providing explicit authorization for pedestrian UEs. The specific authorization is signalled from the MME (which is not radio-resource-aware) to the eNB. To realize this, we propose the following:

Proposal 10 Authorization should be in terms of resource operation (e.g. “Pedestrian Operation”) rather than authorizing a pedestrian UE.

3 Conclusion

In section 2 we made the following observations:
Observation 1
As per RAN1 agreement, V2V communications are based on a sensing procedure which should last at least for a sensing window of 1 second.
Observation 2
A full sensing procedure might be demanding for a P-UE in terms of battery consumption, whereas a pure random selection scheme might not always offer good performances in terms of transmission collision avoidance.
Observation 3
RAN1 has agreed for P-UE to introduce a partial sensing procedure which allows a UE to limit at one time the energy consumption and transmission collision risk.
Observation 4
If partial sensing is performed periodically with a period of 100 ms, the UE would have full knowledge of resource booking on the set of resources periodically sensed.

Based on the discussion in section 2 we propose the following:
Proposal 1
When doing partial sensing, the UE performs sensing periodically, e.g. during a certain number of subframes every 100ms according to the booking granularity, for the whole duration of 1 second (as in full sensing).
Proposal 2
When partial sensing is concluded, the UE performs the booking on the subset of resources periodically sensed during the partial sensing.
Proposal 3
The UE shall sense at least a minimum amount of resources when the partial sensing procedure is adopted.
Proposal 4
Whether to use partial sensing or random selection is up to UE implementation.
Proposal 5
A dedicated pool for P-UEs using random resource allocation is defined.
Proposal 6
Sidelink transmission mode 4 supports both continuous and partial sensing. The type of sensing used in transmission mode 4 is up to UE capability.
Proposal 7
Introduce a new transmission mode 5 for P2V, which is the same as transmission mode 4, except that random selection is used rather than sensing.
Proposal 8
The support of partial sensing for P-UEs with sidelink Rx capability is optional.
Proposal 9
No sidelink reception capabilities are required for pedestrians UEs.
Proposal 10
Authorization should be in terms of resource operation (e.g. “Pedestrian Operation”) rather than authorizing a pedestrian UE.
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