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1. Introduction
Based on the discussion on resource allocation for SL positioning reference signal during RAN1#112 meeting, some agreements were achieved as follows [1]: 
	Agreement
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).
· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.
Agreement
For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration
Agreement
For a dedicated resource pool for Positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 
· Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).
Agreement
Regarding Scheme 1 SL-PRS resource allocation, do not further consider a transmitting UE to receive the SL-PRS resource allocation through higher layers from the LMF (i.e. Option 1 is not pursued further). 
Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.
Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed
Agreement
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE
Agreement
For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering
Agreement
For the scheme 2 sensing-based resource allocation, 
· Rel-16/17 resource (re)-selection procedure is reused for SL-PRS in the shared resource pool. 
· Study if/what changes are needed
· Rel-16[/17] resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 
· Study what changes, if any, are needed at least with regards to the following: sensing window, resource selection window, reservation interval, Resource exclusion mechanism (e.g. definition of resource set for SL-PRS, how RSRP is measured, etc)
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective


Considering maximum leveraging existing design in SL and positioning [2] [3], this contribution shares some views on resource allocation for SL positioning reference signal.
2. Resource allocation for SL-PRS
2.1 Shared resource pool for positioning
When a UE is out of network coverage, it can only communicate with other UEs via PC5 interface in SL. While PSCCH/PSSCH cannot be transmitted in all slots and all RBs for NR system. Resource pools are defined for the respective channels. For OOC scenarios, UE can apply autonomous resource allocation, which is determined through a sensing procedure conducted autonomously by the transmitting UE. In such case, the UE selects an appropriate amount of resources randomly and the resources selected are not periodic in general. Since the allocated resources can be random and thus non-contiguous in frequency domain. Hence, the resource allocation of SL-PRS should match these allocated resources for SL positioning.
Proposal 1: At least for OOC scenarios, non-contiguous frequency resource could be considered for the SL positioning.
Regarding two alternatives for SL-PRS resource, i.e. dedicated resource pool and shared resource pool, the application of each one has an impact on existing SL specification. Since the positioning accuracy depends on SL-PRS bandwidth and received SNR at least for TOA based positioning method, the wideband frequency resource should be a common requirement for SL-PRS transmission on either shared resource pool or dedicated resource pool. Normally, the bandwidth of shared resource pool is not necessarily sufficient to meet the wideband requirement. Then the legacy resource pools sharing the same time resource configuration (by sl-TimeResource) in a BWP could be jointly used to provide sufficient contiguous or even non-contiguous frequency resource.
Proposal 2: Considering the combination of shared resource pools to provide wideband frequency resource for SL positioning.
2.2 Dedicated resource pool for positioning
Alternatively, the dedicated resource pool with wider bandwidth than legacy resource pool can be introduced only for positioning. Based on the (pre)configuration and/or the triggering mechanism for SL-PRS transmission, periodic or aperiodic time-frequency resource could be allocated through either Scheme 1 or Scheme 2 method. At least when the SL data or PSSCH associated with SL-PRS transmission is not supported in dedicated resource pool, there should be an association between the dedicated resource pool carrying SL-PRS and the shared resource pool carrying corresponding control information or assistant information such as the measurement report. To efficiently utilize the dedicated resource, the dedicated resource pool may be shared by multiple UEs performing the same or different positioning procedures, which operate in the same or different shared resource pools related to separate positioning procedure. 
Proposal 3: At least when a dedicated resource pool is used only for SL-PRS transmission and the associated SCI transmission without other channel/signal, the association between the dedicated resource pool and one or multiple shared resource pools should be considered.
2.3 Channels in dedicated resource pool
Different from the legacy configuration for resource pool in SL, a dedicated resource pool has a unique function only for SL positioning. If only SL-PRS transmission is supported in dedicated resource pool, then based on the association between the dedicated resource pool and one or more shared resource pools, the control information for SL-PRS transmission has to multiplex the time-frequency resource of PSCCH with legacy SCI for SL data in shared resource pool. Since the resource of two-stage PSCCH in shared resource pool is limited and the control information related to SL-PRS transmission is only valid for intending or ongoing positioning procedure, hence there is not a sufficient and necessary condition to transmit control information for SL-PRS in shared resource pool. 
On the contrary, the legacy resource reservation/indication method could be reused in the dedicated resource pool, where a PSCCH only carries the control information associated with intending SL-PRS transmission(s). Especially, if more than one shared resource pools associate with the same dedicated resource pool, the PSCCH in dedicated resource pool seems to be the only path for conveying the SCI associated with SL-PRS transmission. Further, to reduce the complexity of reliable SL-PRS reception, the form of two-stage SCI in legacy PSCCH could be reused with necessary modification of new information, new field or new interpretation inserted. 
Proposal 4: Regarding a dedicated resource pool for SL positioning, only SL-PRS and PSCCH which carries SCI associated with SL-PRS transmission(s) is expected to be transmitted.
2.4 Bandwidth and frequency resource allocation granularity of SL-PRS
Further, considering different SL-PRS bandwidth corresponding to various positioning accuracy requirements, the frequency range of a dedicated resource pool may accommodate a single SL PRS with the fixed bandwidth (i.e. same as the bandwidth of resource pool), or more than one SL-PRS transmissions for different positioning procedures in a FDM multiplexing way. While the simultaneous positioning procedures may be performed by the same or different positioning groups, and occupy overlapped or partial overlapped time resource. Then, each SL PRS transmission could be performed within the dedicated resource pool in frequency domain.
Proposal 5: The bandwidth of SL-PRS can be same or smaller than that of the dedicated resource pool for positioning. 
2.5 Physical SL positioning procedure
Though periodic, semi-persistent and aperiodic SL-PRS transmission are supported in SL positioning, the resource allocation for SL-PRS transmission is quite different from that for PRS in NR, since the gNB based resource scheduling is not always feasible. At least for OOC scenario, resource allocation has to rely on the inter-UE sensing or random selection autonomous mode. So, no matter for dedicated resource pool or shared resource pool, the SL-PRS resource allocation may encounter uncertain impacts, such as the hidden nodes issue in sensing procedure, resource conflict in random selection, as well as the half duplex issue for receiving UE. Hence, a feedback from the receiving UE could be considered to improve the reliable SL-PRS reception with low latency. Instead of measurement report of SL-PRS depending on the specific resource allocation, a simple feedback for the quick SL-PRS retransmission could reuse the existing feedback channel in shared resource pool without allocating additional resource. Alternatively, if dedicated resource pool is configured for SL PRS transmission, the PSFCH also can be introduced in dedicated resource pool based on legacy PSSCH-PSFCH mapping mechanism. By proper configuration of parameters for PSFCH, limited time-frequency resource could be used for feedback without great influence on SL PRS resource allocation.
Proposal 6: The feedback of SL-PRS reception from receiving UE should be considered in either shared resource pool or dedicated resource pool to request the quick SL-PRS retransmission.
In Rel-16/17 positioning, especially in DL positioning, all positioning methods including OTDOA, RTT, AOA/D, etc. assume that the references points with already known location, i.e., gNBs are fixed. In V2X, when anchor vehicle or road unit with known location is used as reference point, it is quite likely these nodes are moving and the movement of reference points might affect the positioning accuracy. According to [5], the UE velocity up to 250 km/h needs to be supported for outdoor and tunnel areas so that the relative velocity can be up to 500 km/h between two moving vehicles. This brings some new challenges and one of them is that the location of the reference points is no longer fixed as shown in Fig. 1.
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Fig. 1 Relative movement of reference points
In Fig. 1, two vehicles are moving toward each other and if location of vehicle A is assumed to be known, it can be used as a reference point in addition to the gNB along the road for the positioning of vehicle B. However, unlike the fixed gNB/RSU along the road, vehicle A is moving. For example, assuming the relative velocity is 500 km/h and maximum allowed positioning latency is 100 ms, the distance between the original location of the moving reference points, i.e. vehicle A at the beginning of the positioning procedure and the location at the end of the procedure can be more than 13 meters, which might cause some issues, especially for use cases/scenarios that require sub-meter accuracy.
Proposal 7: The movement of reference points should be taken into account for the study of SL positioning methods including OTDOA, RTT, AOA/D, etc., especially for DL positioning.
2.6 SL positioning resource allocation mode
At least for OOC scenarios in SL positioning, mode 2 scheme is the only solution for SL-PRS resource allocation without network’s participation. Aiming to improve the reliability and efficiency of resource selection and coordinate the transmission of different nodes in such case, the inter-UE coordination (IUC) based approach can realize SL-PRS resource related information exchanging between target UE and anchor node(s). Both Scheme 1 and Scheme 2 IUC procedure can be considered as a starting point for selecting more reliable SL-PRS resource as well as avoiding the inter-UE block or interference. 
Further, the specific features in positioning procedure, such as the bi-directional transmission of SL-PRS/measurement report and the parallel transactions with low latency in typical positioning methods, should be taken into account to meet the specific requirement on the SL-PRS resource allocation. Hence, at least the enhancement on the requesting/providing form and content may be necessary for the application of IUC in SL positioning.
Proposal 8: Both Scheme 1 IUC procedure and Scheme 2 IUC procedure can be considered as the starting point for SL-PRS transmission on at least dedicated resource pool for positioning.
Proposal 9: The IUC procedure could be applied based on necessary enhancement on the positioning related indication.
Regarding the Scheme 2 resource allocation for SL PRS transmission, the resource conflicts seem inevitable in either shared resource pool or dedicated resource pool, especially when legacy random selection method is applied. Considering the certain requirement of SL positioning procedure on latency, conflict avoidance mechanism should be introduced, including at least conflict indication and confliction solution. The determination of resource conflict between intending SL PRS transmissions could refer to existing scheme such as priority based or RSRP based methods. Similarly, conflict information also can be indicated in PSFCH. According to different solutions to resource conflict, e.g. muting, generation sequence and comb offset coordination, corresponding information could be conveyed based on IUC procedure with necessary enhancement on indication at least. 
Proposal 10: The SL PRS resource conflict indication should be considered, and corresponding conflict avoidance/solution mechanism should be studied.
The positioning measurement reports can be transmitted separately or along with other data. Therefore, both dedicated and shared resource pools may be supported for measurement reports if the data other than SL-PRS and associated SCI can be transmitted in dedicated resource pool. However, if shared resource pool is configured for measurement reports, higher priority should be given to such reports to guarantee the timely reception of the reports. Further, considering the limited size of measurement report and the low latency requirement of report in OOC scenarios, it may be carried as lower layer or higher layer signaling.
Proposal 11: The resource in both dedicated resource pool and shared resource pool may be configured for measurement reports transmission. If the shared resource pool is configured, it should be prioritized.
3. Conclusion
This contribution shares our views on resource allocation for SL positioning reference signal, and the following proposals are made:
Proposal 1: At least for OOC scenarios, non-contiguous frequency resource could be considered for the SL positioning.
Proposal 2: Considering the combination of shared resource pools to provide wideband frequency resource for SL positioning.
Proposal 3: At least when a dedicated resource pool is used only for SL-PRS transmission and the associated SCI transmission without other channel/signal, the association between the dedicated resource pool and one or multiple shared resource pools should be considered.
Proposal 4: Regarding a dedicated resource pool for SL positioning, only SL-PRS and PSCCH which carries SCI associated with SL-PRS transmission(s) is expected to be transmitted.
Proposal 5: The bandwidth of SL-PRS can be same or smaller than that of the dedicated resource pool for positioning. 
Proposal 6: The feedback of SL-PRS reception from receiving UE should be considered in either shared resource pool or dedicated resource pool to request the quick SL-PRS retransmission.
Proposal 7: The movement of reference points should be taken into account for the study of SL positioning methods including OTDOA, RTT, AOA/D, etc., especially for DL positioning.
Proposal 8: Both Scheme 1 IUC procedure and Scheme 2 IUC procedure can be considered as the starting point for SL-PRS transmission on at least dedicated resource pool for positioning.
Proposal 9: The IUC procedure could be applied based on necessary enhancement on the positioning related indication.
Proposal 10: The SL PRS resource conflict indication should be considered, and corresponding conflict avoidance/solution mechanism should be studied.
Proposal 11: The resource in both dedicated resource pool and shared resource pool may be configured for measurement reports transmission. If the shared resource pool is configured, it should be prioritized.
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