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Introduction
RAN plenary meeting approved a new work item to address NR positioning including sidelink positioning related objectives [1]. This contribution discusses some open questions for potential solutions and tries to address some subjects for further studies from the study item phase. The focus is on automotive applications.
Discussion
Accurate and reliable positioning is important for automotive applications, e.g., in vehicle navigation systems. Usually, vehicle position is obtained from Global Navigation Satellite Systems (GNSS) or Uu radio interface positioning functions. A problem arises, since GNSS is not always available or accurate in all scenarios like in urban canyons, parking houses / underground parking, and tunnels, as illustrated in Figure 1 [2]. Likewise, Uu positioning is limited by cellular coverage and infrastructure deployments, and it can be subject to interruptions caused by roaming and other mobility events, e.g., in country border areas. Sidelink positioning is therefore an important feature to resolve uncertainties and shortcomings of GNSS and Uu positioning. The purpose of this discussion is to focus on sidelink positioning resource allocation.
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Figure 1. Scenarios where GNSS is not available or accurate.
Resource allocation
There are two possible agreed options under discussion for autonomous resource allocation, i.e., Scheme 2. These options are described as follows in the feature lead summary document [4]:
For Scheme 2, at least for the dedicated resource pool for positioning, with regards to Resource selection 		mechanism for SL-PRS, pick one or more of the following options:
· Option 1: A sensing based resource selection should be introduced 
· Option 2: A random resource selection should be introduced
· In either option, the legacy designs for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 

Rel-14/15 LTE SL and Rel-16/17 NR SL already support both options, and there are well-reasoned use cases for both options. Sensing-based resource selection enables reliable communication by avoiding resource collisions as much as possible, but its power consumption and complexity are higher than random resource selection due to the sensing operation. Random resource selection is more suitable for battery-limited devices as no sensing operation is needed, but it may cause resource collisions. Power consumption and complexity are especially important for the deployment of handheld devices for vehicle-to-pedestrian (V2P) communication. In general, the channel access latency is not an issue in sensing-based resource selection because sensing can be performed continuously in the background. The channel access latency of both solutions can be controlled by the parameter of packet delay budget. It is therefore motivated to support both options in Rel-18 sidelink positioning.
Proposal 1: Support both sensing and random based resource selection options.
It can be argued that if resource selection in one transmission opportunity is successful in the sense that the receiver can acknowledge successful reception of the data, there was no collision. In that case, it would be advantageous to reuse the same resource for a subsequent transmission opportunity based on the rationale that the same resource in the next and subsequent transmission opportunities should have a higher likelihood of success than e.g. completely random and independent selections from a uniform distribution.
In the present version of the standard, the selected resource can be used for multiple times with a fixed time interval for subsequent transmissions in a scheme is referred to as semi-persistent scheduling (SPS) or only once in a scheme that is referred to as one-shot transmission (OST) [5]. The above proposed enhancement should be seen as an extended version of SPS. The difference from the existing SPS is that the UE reuses the resource only if that resource is previously successful. The benefit of the successful resource reuse approach is that it is possible to mitigate the persistent packet loss issue in SPS due to resource collisions, half duplex, and/or near-far problems. The proposal is applicable for both Options 1 and 2 because SPS is currently supported for both sensing-based and random resource selection in Rel-16/17 NR SL. It is therefore proposed to consider allowing reuse of previously successful resources.
Observation 1: If the user is allowed to reuse previously successful resources, it should be possible to avoid persistent packet loss issues in SPS due to resource collisions, half duplex and/or near-far problems.
The concept of successful resource should be defined with a criterion. One possible criterion for a successful resource could be the presence of positive HARQ feedback (ACK) and/or the absence of negative HARQ feedback (NACK) associated with the transmission opportunity for unicast and groupcast, i.e. ACK/NACK-based and NACK-only based.
Proposal 2: A previously successful resource may be reused, and defined as positive HARQ feedback (ACK) and/or the absence of negative HARQ feedback (NACK) for unicast and groupcast i.e. ACK/NACK-based and NACK-only based.
RAN1#110-bis meeting also agreed to use SCI for reserving/indicating SL-PRS resources for resource pools. There is still an ongoing discussion regarding the note on the role of higher layer signaling and SL-PRS configuration as shown in the agreement below [3].
Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication

In general, there are some fundamental differences between lower layer and higher layer signaling. In this discussion, lower layer signaling refers to PHY and MAC signaling whereas higher layer signaling refers to RRC signaling. Higher layer signaling is reliable because it can be passed through acknowledge mode RLC and it can make use of in-order delivery and duplicate detection. It is therefore a desirable choice for radio configurations. The downside is that it is less useful, if usable at all, for control-loops due to long delays and therefore lower layer signaling is more applicable for delay sensitive signaling to indicate, e.g., activation and deactivation of a feature. This is a very common setup for many types of configurations in 3GPP radio interfaces and, so far, no reasons have been found in this contribution to deviate from this principle for sidelink positioning. It is therefore proposed to make use of higher layer signaling for the indication of a part of SL-PRS configurations if deemed possible.
RAN1#110-bis meeting also discussed the SL-PRS time domain behavior. The following behavior was agreed even though many details remained as subjects for further studies [3]. The purpose of the proposals below is to address some of these open issues and propose some details for further consideration.
Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE 	
perspective:
· Periodic SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· Semi-persistent SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS 
· SL-PRS is transmitted at least once after [triggering/request] 
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
· FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study

In automotive use cases and network-centric operation, the SL-PRS may be transmitted by a RSU or other network nodes capable of sidelink positioning. The transmission periodicity of the SL-PRS could be adapted to, e.g., vehicle speed and/or speed limits in the given location, and the activation of SL-PRS transmission could be based on observed presence of vehicles to avoid power consuming always-on SL-PRS transmissions and efficiently use the time/frequency resources. Apart from SCIs, possible useful triggers for starting SL-PRS transmission could be presence of V2X application layer messages such as Basic Safety Messages (BSM), Co-operative Awareness Messages (CAM), and Decentralized Environmental Notification Messages (DENM). Similarly, the SL-PRS transmission could be deactivated upon detected absence of such messages e.g., controlled by a network implementation specific timer.

Observation 2: In automotive applications, a vehicle sends higher-layer messages that could also be used as triggers of SL-PRS transmissions, such as Basic Safety Messages (BSM), Co-operative Awareness Messages (CAM), and Decentralized Environmental Notification Messages (DENM).
It is proposed to allow detected presence and absence of V2X application layer messages for activation and deactivation of SL-PRS transmission for automotive scenarios.
Proposal 3: Transmission of SL-PRS transmission could be started by the presence of V2X application layer messages and deactivated based on vanishing vehicles, e.g., upon absence of V2X messages after a certain period of time.
Similar to the power efficiency features for Rel-16/17 NR SL, it is important to receive sidelink ranging and positioning related transmissions in a power efficient manner. To save battery it would be useful if the transmitting UE knew when the other UE is listening to the positioning reference signal. Rel-17 NR SL supports SL DRX, but it is targeted to support sidelink communication for data traffic of the targeted services. Therefore, similar DRX mechanism composed of DRX timers such as On-duration timer, inactivity timer, HARQ RRT timer and/or HARQ retransmission timers are also applied for SL DRX. 
Observation 3: To save battery it would be useful if the transmitting UE knew when the other UE is listening to the positioning reference signal.
The configuration of SL DRX for SL positioning scenarios raises some questions. The configuration of DRX is normally done per UE, but in the case of SL positioning SL-DRX would create a dependency between data communication and positioning even though positioning and data communication do not necessarily take place at the same time. Moreover, there can be separate resource pools, i.e. shared and dedicated resource pools, and a question arises how they could be operated in a power efficient manner. It means that either 
· multiple DRX machines need to be configured per UE for separate resource pools and separately for data communication and positioning, or 
· all resource pools and use cases need to make use of the same DRX machine that was originally intended for data communication use cases only. 
It is also not obvious if a complex DRX machine with multiple timers is needed for power efficient reception of positioning reference signals or if something simpler is sufficient. It is therefore proposed to add a configurable parameter to each resource pool to indicate when the receiving UE needs to listen to the positioning reference signal. 
Proposal 4: Each resource pool contains a configurable “RX ON” parameter.
Conclusion
This contribution discusses Rel-18 sidelink positioning from automotive applications point of view and offers the following observations and proposals:
Observation 1: If the user is allowed to reuse previously successful resources, it should be possible to avoid persistent packet loss issues in SPS due to resource collisions, half duplex and/or near-far problems.
Observation 2: In automotive applications, a vehicle sends higher-layer messages that could also be used as triggers of SL-PRS transmissions, such as Basic Safety Messages (BSM), Co-operative Awareness Messages (CAM), and Decentralized Environmental Notification Messages (DENM).
Observation 3: To save battery it would be useful if the transmitting UE knew when the other UE is listening to the positioning reference signal.

Proposal 1: Support both sensing and random based resource selection options. 
Proposal 2: A previously successful resource may be reused, and defined as positive HARQ feedback (ACK) or the absence of negative HARQ feedback (NACK) for unicast and groupcast i.e. ACK/NACK-based and NACK-only based.
Proposal 3: Transmission of SL-PRS transmission could be started by the presence of V2X application layer messages and deactivated based on vanishing vehicles, e.g., upon absence of V2X messages after a certain period of time.
Proposal 4: Each resource pool contains a configurable “RX ON” parameter.
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