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At RAN2#105, there was some discussion of the potential to support Vulnerable Road User (VRU) devices as part of the V2X ecosystem ([1], [2]).  It was concluded that the issue should be discussed in RAN plenary, but the WID that emerged from RAN#83 is silent on whether VRUs are in scope.  Our understanding of the plenary conclusion was that it is acceptable to have VRU support as an incidental part of the Rel-16 WI.
This paper examines some of the technical issues associated with the support of VRUs.
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For basic functionality, it appears that nothing special needs to be done for VRUs; a smartphone could operate a V2X application and take part in V2X services in the same way as a vehicular UE, subject to the device’s capabilities.  Thus we consider that at least from the AS perspective, there is no particular hard requirement that the specifications depend upon to enable support of VRUs.  Rather, the ecosystem automatically accommodates VRUs, and the question from RAN2 perspective is how much to optimise for VRU operations.
The critical use cases for VRUs arise when the user is in proximity to a hazard zone, e.g. along a road or approaching an intersection (Figure 1).  In some such cases, as shown in Figure 1, LOS blockages may occur that would impair direct use of PC5; in these cases the VRU might prefer to use the Uu interface (in hopes that the network has LOS to both devices).


[bookmark: _Ref4146226]Figure 1: VRU approaching an intersection with LOS blockage
The Uu interface would also be useful in case the VRU and vehicular UEs operate in different spectrum, e.g. if the vehicles are in the 5.9 GHz band while the VRU’s smartphone operates in a cellular band.
Proposal 1: VRUs can operate on either the Uu or PC5 interface for V2X services.
Compared to vehicular UEs, devices used by VRUs are typically more battery-sensitive (e.g. smartphones used by pedestrians).  Because of this, their activity cycles should be optimised where possible; one might expect that a VRU would operate with a long DRX cycle to conserve battery.  However, the latency cost of a long DRX cycle can become a safety concern when the VRU is in proximity to a road, so the DRX cycle should be adjustable in a way that is sensitive to the VRU’s location.  Similar concerns apply to a transmission cycle, if the VRU is configured for periodic transmissions (e.g. using a configured grant as discussed below).
Proposal 2: The activity cycle of a VRU device should be adjustable based on the VRU’s location.
Although Proposal 2 could be achieved with no specification impact by having the network constantly monitor the location of the VRU and adjust its DRX cycle and/or transmit configuration accordingly, this is not an ideal solution; it requires the VRU to spend a lot of time in RRC_CONNECTED to deliver its position (or related measurements) to the network, undercutting the benefit of the DRX cycle.  Instead, it is preferable if the VRU can determine its own position, ideally in UE-based or standalone mode.  (This has some interaction with the NR positioning work item.)
If the VRU knows its own location (and can correlate it with mapping data to determine, e.g., proximity to a road), then it becomes reasonable for it to request adjustments to its activity cycle.  If the VRU is passively receiving, it becomes difficult for it to have a reasonably long DRX cycle (since it risks missing transmissions from V-UEs); thus we suggest that it is beneficial if the VRU has a configured grant that it can use to transmit indications of its own presence.  The V-UEs can better afford to listen continuously than the VRU device can.
Proposal 3: A typical VRU device should transmit indications of its own presence using a configured grant rather than passively monitoring for indications of nearby vehicles.
The combination of Proposals 2 and 3, along with the preference for having the VRU know its own location rather than relying on the network, suggests that there should be a UE-initiated mechanism for requesting an adjustment to the configured grant from the network.  The request for adjustment could be an RRC message or a MAC CE; the latter may be more convenient with less overhead, but the exact mechanism can be discussed.
Proposal 4: A mechanism is specified for the VRU to request an adjustment to its configured grant from the network (FFS whether RRC or MAC signalling is used).
This approach to power saving in the VRU obviously requires the involvement of positioning, as well as the ability by the VRU to correlate its position with mapping information (e.g. a hazard map downloaded from some external repository).  The positioning aspects do not seem to require anything beyond what is already in scope for the positioning work item, and the correlation with the map is an application-layer process outside 3GPP scope.  There could be benefit in relative positioning specific to the sidelink, e.g. ranging, but considering the available time for the WI, this can be considered in a future release.
Proposal 5: RAN2 does not need to specify any new positioning functionality in Rel-16 for the benefit of VRUs.
Conclusion
This document promulgated the following proposals:
Proposal 1: VRUs can operate on either the Uu or PC5 interface for V2X services.
Proposal 2: The activity cycle of a VRU device should be adjustable based on the VRU’s location.
Proposal 3: A typical VRU device should transmit indications of its own presence using a configured grant rather than passively monitoring for indications of nearby vehicles.
Proposal 4: A mechanism is specified for the VRU to request an adjustment to its configured grant from the network (FFS whether RRC or MAC signalling is used).
Proposal 5: RAN2 does not need to specify any new positioning functionality in Rel-16 for the benefit of VRUs.
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