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In RAN#94-e, the contents of SID for Rel. 18 were agreed [1]. It was agreed to study scenario and requirements for sidelink positioning. The descriptions in the SID are as follows.
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
· Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.


In this contribution, we discuss elements which constitute potential solutions for SL (sidelink) positioning, i.e., architecture, positioning methods, procedure and PRS designs. In addition, we address issues related to coexistence of resources for SL positioning and SL communication.
Initiators, organizers and their roles during SL positioning
In SL communication, for in-coverage scenarios, the gNB allocates resources needed for SL communication. Similarly for in-coverage or partial coverage SL positioning, the gNB is expected to schedule resources for SL positioning. For out-of-coverage SL positioning, resources for positioning can be selected autonomously among UEs.
In this study, functionalities of the LMF (Location Management Function) in sidelink positioning and its interaction with the gNB should be investigated. For example, whether similar roles as in Uu positioning for LMF, i.e., provision of PRS parameters to the gNB or receipt of measurement reports from UEs, can be assumed for SL positioning should be discussed. In addition, at least for in-coverage scenarios, which network entity, i.e., LMF or gNB, the UE reports measurements or its location information to the LMF should be discussed.
Proposal 1: Study roles of the LMF in SL (sidelink) positioning and its interaction with the gNB which schedules resources for SL positioning
Initiation of positioning procedure is an important aspect in the positioning procedure. For sidelink positioning, MO-LR (Mobile-Originated Location Request) can be applicable to all scenarios, i.e., in-coverage, partial-coverage and out-of-coverage. MT-LR (Mobile Terminated Location Request) can be applicable to in-coverage or partial-coverage scenarios.
Proposal 2: Study both MO-LR and MT-LR for sidelink positioning
Similar to SL communications, initiation of the positioning procedure, discovery of UEs or announcement or notification of RS configurations may be communicated to surrounding UEs either by broadcast, multi-cast or unicast. Depending on the stage in the positioning procedure, an appropriate cast type should be chosen. For example, discovery of UEs who can transmit PRS can be initiated by broadcast signaling. PRS configurations for SL positioning can be sent to UEs by uni-cast or multi-cast. As the starting point, the usage of various cast types in SL communications can be considered.
Proposal 3: Study information exchange among UEs and necessity of each cast type, i.e., broadcast, multi-cast and unicast, using SL communication as the starting point.
[bookmark: _Hlk101726869]Positioning methods for SL positioning
Definitions
For sidelink positioning, UEs are expected to coordinate with each other to locate the target UE. During the study, types of UEs involved in sidelink positioning should be defined, i.e., anchor UEs who assist the target UE to be located. 
Proposal 4: Agree on the following definitions : “anchor UE” as the UE who transmit PRS to or receive PRS from the “target UE” whose position is to be determined
Similar to Uu positioning, sidelink positioning can be characterized as UE-based positioning and UE-assisted positioning. The following are proposed definitions of UE-based positioning and UE-assisted positioning.
UE-based positioning : Anchor UEs transmit PRS to the target UE such that the target UE can make measurements on the PRS and determine its position. UE-based positioning is an option when the target UE does not report measurements to the network.
UE-assisted positioning : Anchor UEs transmit PRS to the target UE such that the target UE can report measurements to one of the anchor UEs or gNB/LMF.
Proposal 5: Study both UE-assisted and UE-based SL positioning for in-coverage, partial-coverage and out-of-coverage
SL positioning methods : Timing based methods
The following timing based positioning methods can be considered for SL positioning : 
RTT-based positioning
An Anchor UE transmits PRS to the target UE and target UE make measurements on the PRS and return measurements (Target UE Rx-Tx difference) to the anchor UE or LMF/gNB. An advantage of this technique is that relative positioning between a pair of anchor UE and target UE can be realized, not requiring inter-anchor-UE coordination.
TDOA-based positioning
Anchor UEs transmit PRS to the target UE and target UE make RSTD measurements on the PRSs and return measurements to one of the anchor UEs or LMF/gNB. An advantage of this technique is that accurate positioning can be achieved using a triangularization technique. However, one disadvantage is that timing synchronization is required among anchor UEs, which may not be suitable for a dynamic environment in sidelink communication where UEs may move frequently or long-term positioning may not be feasible due to the lack of resources that can be reserved for long-term usage.
Proposal 6: Study pros and cons of RTT-based and TDOA-based positioning methods
For TDOA based positioning, both DL-like and UL-like positioning can be considered. For example, the target can receive PRSs from anchor UEs in DL-like positioning and target UE can transmit PRSs to anchor UEs in UL-like positioning. Both methods should be studied
Proposal 7: For TDOA based positioning, study methods where the target UE transmit PRSs to anchor UEs or receive PRSs from anchor UEs
SL positioning methods : Angle based methods
In angle-based positioning methods, anchor UEs transmit PRS and the target UE reports RSRP for the received PRS. Based on the measurements, using angle information for each PRS resource, the target UE can determine its position. An advantage for this technique is that despite the need for more than one UE for this technique, timing synchronicity among anchor UEs is not required. However, precise beam information, i.e., narrow PRS beams in FR2, may be needed for accurate positioning. For a vehicular based positioning, panel information such as orientation of panels, may be helpful to determine relative angles. Considering FR2 operations are deprioritized in Rel. 17, a study for angle-based positioning can be deprioritized. 
Proposal 8: Evaluate pros and cons of angle-based positioning methods and discuss prioritization of angle based positioning methods with respect to timing based positioning methods
Procedure SL positioning
Discovery and scheduling
In the positioning methods mentioned in the prior section, anchor UEs need to be discovered by the target UE. Thus, discovery process of the anchor UEs needs to take place prior to positioning operation. 
Proposal 9: Study discovery methods to find anchor UEs
Once anchor UEs are discovered, resources for SL PRS transmission need to be acquired. Scheduling mechanism for SL positioning should be considered. Similar to SL communication, mode 1 which is the network-based configuration, and mode 2, inter-UE based resource scheduling, should be considered for SL positioning.
Proposal 10: Study both mode 1 and mode 2 for PRS resource allocation/scheduling where mode 1 and mode 2 can be considered at least for in-coverage or out-of-coverage scenario, respectively.
Destination of measurement reports
For UE-assisted positioning, measurement reports which contain RSRP or timing (RSTD or Target UE Rx-Tx) are reported to an entity which manages location information. For SL positioning, the destination of the measurement report from the target UE should be specified. The candidates can be one of the anchor UE(s), LMF or gNB.
Proposal 11: Study the destination of measurement reports sent from the target UE : anchor UE, LMF or gNB
Measurements
In the aforementioned positioning methods, measurements reported by the target UE can consist of RSRP for PRS resources for angle or timing based positioning methods. RSTD can be a measurement applicable for TDOA based positioning methods. Finally, UE Rx-Tx can be a measurement that is reported during an RTT based positioning. Contents of measurement reports and their destination for in-coverage, out-of-coverage or partial coverage scenarios should be studied.
Proposal 12: Study contents measurements and destination of measurement reports applicable for SL positioning methods in in-coverage, out-of-coverage or partial coverage scenarios
Another aspect to consider is how the UE can be guaranteed with a window of time to process PRS measurements. In Uu positioning, both measurement gap and PRS processing window were specified to allow the UE to process PRS measurements. Whether there is a need for a similar mechanism for SL positioning, i.e., dedicated window of time for processing PRS measurements, should be discussed.
Proposal 13: A study a framework to allow the target UE to process PRS measurements for SL positioning
PRS designs for SL positioning
Time/Frequency mapping of PRS
In Uu positioning, time and frequency allocation of various PRS patterns were specified. PRS patterns for Uu positioning are characterized by comb patterns (N-comb) spread over N symbols to achieve coherent combining. In addition, comb patterns are useful to multiplex PRSs from multiple transmission sources. In addition, frequency/time offset is introduced for scheduling flexibility. Furthermore, repetition factors are specified for accuracy enhancement. In SL positioning, the aforementioned features are useful to achieve the same goal, i.e., coherent combining, scheduling flexibility and accuracy enhancement. Thus the following proposal is made : 
Proposal 14: Study PRS patterns for SL positioning, using the Uu PRS patterns as the starting point
In Uu positioning, PRS configurations are organized in a hierarchical manner such that the structure allows reduction of signalling overhead and allows resource configuration at different granularity per level in the hierarchy. A similar mechanism should be investigated for SL positioning to reduce signalling overhead and maximize efficiency.
Proposal 15: Study PRS configuration structure, using the Uu positioning PRS hierarchical structure
Co-existence with SL data communication
In SL communication, time and frequency resources are limited and allocation of resources is dynamic. In addition, the resources need to be shared for communication and positioning purposes. Prioritization between data and positioning related signals/data (e.g., SL-PRS or measurement report) may occur since SL communication occur per on-demand basis, i.e., when a UE requests for data transmission via sidelink. Depending on the traffic, SL communication may be prioritized over positioning and more resources may be allocated for data communication. In such situation, positioning accuracy may degrade due to lack of resources for SL-PRS. Latency performance may also degrade due to prioritized usage of resources for communication and the UE needs to wait until resources are available for transmission/reception of SL-PRS. For these reasons, multiplexing between data, RS for data (i.e., CSI-RS), SL-PRS and SCI should be investigated in the study.
Proposal 16: Study a mechanism to share time and frequency resources to support co-existence between SL communication and SL positioning
SCI design should also be considered along with PRS configuration. Whether SCI should be multiplexed in PRS or not needs to be discussed. Ideally, the UE should be able to read SCI, find resource allocation of PRS and start measurement of PRS.
Proposal 17: Study how SCI can be multiplexed with PRS
Conclusion.
In this contribution, the following proposals are made.
Proposal 1: Study roles of the LMF in SL (sidelink) positioning and its interaction with the gNB which schedules resources for SL positioning
Proposal 2: Study both MO-LR and MT-LR for sidelink positioning
Proposal 3: Study information exchange among UEs and necessity of each cast type, i.e., broadcast, multi-cast and unicast, using SL communication as the starting point.
Proposal 4: Agree on the following definitions : “anchor UE” as the UE who transmit PRS to or receive PRS from the “target UE” whose position is to be determined
Proposal 5: Study both UE-assisted and UE-based SL positioning for in-coverage, partial-coverage and out-of-coverage
Proposal 6: Study pros and cons of RTT-based and TDOA-based positioning methods
Proposal 7: For TDOA based positioning, study methods where the target UE transmit PRSs to anchor UEs or receive PRSs from anchor UEs
Proposal 8: Evaluate pros and cons of angle-based positioning methods and discuss prioritization of angle based positioning methods with respect to timing based positioning methods
Proposal 9: Study discovery methods to find anchor UEs
Proposal 10: Study both mode 1 and mode 2 for PRS resource allocation/scheduling where mode 1 and mode 2 can be considered at least for in-coverage or out-of-coverage scenario, respectively.
Proposal 11: Study the destination of measurement reports sent from the target UE : anchor UE, LMF or gNB
Proposal 12: Study contents measurements and destination of measurement reports applicable for SL positioning methods in in-coverage, out-of-coverage or partial coverage scenarios
Proposal 13: A study a framework to allow the target UE to process PRS measurements for SL positioning
Proposal 14: Study PRS patterns for SL positioning, using the Uu PRS patterns as the starting point
Proposal 15: Study PRS configuration structure, using the Uu positioning PRS hierarchical structure
Proposal 16: Study a mechanism to share time and frequency resources to support co-existence between SL communication and SL positioning
Proposal 17: Study how SCI can be multiplexed with PRS
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