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In RAN#94e the SID for “Study and improved NR positioning” was approved [RP-213588]. The first objective of the SI is to:
“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 use 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 focus on potential solutions for SL positioning. 

Terminology
The definition of an anchor UE was agreed during RAN1#109, while the specific details of the knowledge of the anchor UE’s location remained to be discussed:
Agreement
For the purpose of RAN1discussion during this study item, at least the following terminology is used:
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE

Not all SL UEs are expected to support positioning functionality, for instance a legacy SL UE (prior to Rel 18) will not necessarily support it. Even if positioning is supported, not all SL UEs are expected to be anchor nodes, or the anchor functionality may be disabled. Anchor selection is a first step in positioning methods; thus, a target SL UE must know which surrounding nodes support the anchor feature and whether the feature is enabled at that time. Therefore, an anchor node must be capable of indicating to the target SL UEs that it can provide the anchor functionality. The unicast capability signaling exchange between the target SL UE and an anchor node may be used for the anchor node indication. Another way to indicate the support of anchor capability is via a request/response protocol (RRC). Lower layer indication, for instance using S-SSB, can be also used to advertise an anchor node. 
Synchronization source accuracy is fundamental for positioning procedures. SL UE may use for synchronization reference signals from GNSS, gNB or a S-SSB received from another UE (SyncRef UE), which itself may be synchronized to either a GNSS source or a gNB source [TS 38.331]. SyncRef UE has a priority associated, which is based on its source of synchronization and is encoded in SLSS ID and IIC indicator. The SL synchronization source is selected based on its priority, which leads to a hierarchy of the synchronization sources.  
However, not every synchronization reference is expected to provide anchor node functionality. For instance, a UE may use a SyncRef UE that implements Rel 17 sidelink functionality and use one or multiple anchor nodes (Rel 18) for positioning purposes.   
Observation 1: A SL UE may use the same or different nodes as SyncRef and respectively as Anchor UE. 
The quality of coordination information of the anchor node plays an important role in the final accuracy of positioning at the target node. Therefore, if multiple anchor nodes are available, a quality indication of the anchor’s coordinates and/or of the positioning signal (for instance bandwidth), and/or the quality (precision) of the anchor node synchronization can be used by the target node for the anchor(s) node selection.
Observation 2: The quality indication of the anchor node’s coordinates or its synchronization accuracy may be used by the target node for the anchor node(s) selection.
Proposal 1: Identify and study quality metrics usage for the anchor nodes selection.

Methods for location determinations
The RAT-dependent methods for positioning as defined in Rel 16 and Rel 17 [TR38.855, TS 38.305] are based on reference signal (RS) exchanges between the anchor nodes (gNB) and target nodes (UE).   
In the RAN1#110 meeting, companies agreed to consider potential candidate solutions for SL positioning:
Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  
We note that Angle of Arrival (AoA) is supported when MIMO antennas or multiple panels are used. Due to the reduced number of antennas considered for most SL UEs, it is expected that the AoA resolution at UE is rather poor. At the same time, roadside units (RSU) may have a larger number of antennas and can provide a higher accuracy for AoA determination. In this case, the AoA measurement may be complemented by the angle of departure (AoD) measurement, more precisely if a device has the capability of measuring the AoA (for instance using beamforming, or panel selection), it expected to use similar antenna configurations for beamforming transmissions in specific directions and therefore measure AoD.
Proposal 2:  With regards to the SL positioning methods supported using at least SL measurements, potential candidate positioning methods include SL-AoD based methods.

SL Positioning configuration and triggering
For the SL positioning configuration during the RAN1#110 meeting two options (Option 1 and Option 2) were retained corresponding to high layer only, and respectively high layer and low layer signal involvement:
Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.
We note that Option 2, which allows both upper- and lower-layer involvement in signaling, is the most flexible. Lower layer involvement is especially necessary in OOC cases, when one of nodes, for instance target node, may coordinate with other nodes, for instance anchor nodes. 
Low layer involvement in signaling implies the usage of SL MAC CE, SCI and DCI in activation and triggering of SL PRS transmission and measuring reports. 
In Uu link-based positioning [TS 38.321, Clause 6.1.3], the MAC CE is used by gNB for the activation and deactivation of semi-persistent SRS. If semi-persistent SL PRS upper layer configuration is supported, it is expected that for in coverage SL UE the SL PRS activation/deactivation to be done via MAC CE, like cellular Positioning SRS activation/deactivation. Another usage of the MAC CE may be SL PRS measuring reporting.
Observation 3: High-layer and lower-layer signaling involvement in the SL-PRS configuration (Option 2) offers a more flexible solution that can cope with in coverage and out of coverage scenarios of SL positioning.

SL positioning resource allocation and SL-PRS slot design
The following agreement for the resource allocation was reached in RAN1 #109-e:
Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed
A dedicated resource pool for SL-PRS offers the advantage of controlling and separating the resources used for SL positioning. This approach would allow a simpler solution for co-existence with legacy devices that do not support SL positioning. A dedicated resource pool for SL-PRS requires an estimation of the necessary resources that are required for SL positioning. A dedicated resource pool may be particularly useful when the positioning functionality is critical, for instance V2X, and the latency of positioning signaling must be low.  However, a dedicated resource pool is less efficient or not necessary when the SL traffic is relatively low or irregular or when the SL positioning is only sporadically used, for instance in commercial applications. In these scenarios a shared pool with sidelink communication would be preferable as it would allow a more dynamic indication and resource allocation for the SL-PRS transmission. Thus, to support a wide variety of scenarios, a dedicated and a shared resource pool solution may be more advantageous.  
[bookmark: _Hlk110864223]Proposal 3: For SL-PRS transmission support Alt2 i.e., support both dedicated and shared resources-based solutions.
One of the questions to be answered is the resources of the control associated with PRS transmissions.
If a dedicated resource-based solution is adopted for the SL-PRS transmissions, the associated control may be transmitted either in the data (shared) resource pools, for instance via SCI, in the SL-PRS dedicated resource pools or in both. One advantage of having the control associated with positioning transmitted both on the dedicated and shared pool resources is to avoid SL UE monitoring the PRS dedicated resource pools if not necessary.  For instance, the SL-UE is (pre-)configured with the SL-PRS dedicated resource pools and starts monitoring those pools only if there is a MAC-CE activation command. 
Observation 4: For the dedicated SL-PRS resource pools, is beneficial if the control associated with SL-PRS transmissions is transmitted both in the shared (data) resource pools and SL-PRS dedicated pool resources.
Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above

The time of flight (ToF) measurement and corresponding time of arrival or time differential of arrival (TDOA) can be used for the distance estimation. If the ToF is measured over a non-line of sight (NLoS) channel (path), the distance between target and anchor nodes is overestimated.
The report of the LoS/NLoS indicator is defined in TS 38.214:
“The UE may be requested, subject to UE capability, to report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator-Request]. The UE can report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator] associated with each DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements…… The values of the higher layer parameter [losNlosIndicator] may be soft values ([0, 0.1, …, 0.9, 1]) or hard values ([0, 1]) with the values corresponding to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.”
Observation 5: A hard value of the LOS/NLOS indication allows the selection of most reliable measurements for position estimation, while the soft value of this indicator may allow an estimation of the confidence/precision of the location determination.
The measurements of the time intervals and time of arrival SL-PRS signals are heavily influenced by the specific accuracy of local oscillators (clocks) and the clock synchronization. Similarly, for AoA and AoD measurements, the specific number of antennas, panels or their spatial characteristics (antenna patterns) could strongly affect the precision of the measurements. Therefore, the measurement reports should include specific quality metrics that characterizes the measuring node. 
Observation 6: Provisioning of additional quality metrics characteristics for the anchor node helps to select the best measurements and to evaluate the precision of the location determination.
Proposal 4: SL positioning should support reporting of quality metric for the LoS/NLoS of SL-PRS measurements and quality metrics of anchor characteristics.  
In the double-sided RTT based ranging and positioning, the responding UE or the anchor UE needs to send the SL PRS in response to the SL PRS transmitted from the ranging request UE or the target UE within a certain time gap.
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Figure 4, multi-RTT 

Each UE can transmit SL-PRS slots, which requires that each UE allocates SL-PRS resources independently (in different slots) and compete (in Mode 2) with other UEs for resource allocation. 
When a shared pool solution is used, a possible solution to limit the resource reservation competition when sending SL-PRS is that the responding UE or the anchor UE sends the SL-PRS (SL-PRS in Figure 4) using the PSFCH channel resources corresponding to the initial SL-PRS transmission (SL-PRS 1 in Figure 4). Since SL-PRS 1 is sent over PSSCH, and the SL-PRS 2 is sent over PSFCH, the PSSCH-to-PSFCH timing can be used to determine time delay between the first and second SL-PRS transmissions. This approach would decrease the latency of the positioning method, avoid additional competition for resource reservation. 
Proposal 5: For RTT -based SL-PRS shared pool resource-based solutions consider the PSFCH channel resources for the SL-PRS transmission.
The following agreement from RAN1 #110 identifies two possible schemes for SL-PRS resource allocation, which correspond to in network-centric operation (that can be implemented only for in coverage or partial coverage scenarios) and respectively UE autonomous based that can be implemented in any scenario.
Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g., similar to a legacy Mode 1 solution)
· The network (e.g., gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g., similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

In Scheme 2 of the above agreement, it is expected that a UE participating in the sidelink positioning will allocate resources for SL-PRS. Such schemes may be implemented when the UE that allocates resources (or coordinate the positioning method) is in coverage or, for instance, when all the participating UEs are out of coverage and one of the UE assumes the coordinator role. In some scenarios, may be more appropriate if the anchor node assumes the role of coordinator. For instance, a RSU anchor node may coordinate the positioning among several vehicles (SL-UEs) where one of them represents the target node and the others may be anchor nodes as well. In a different scenario, the request for positioning reports and resource allocation may come from the SL-UE target node to the neighbor SL-UEs used as anchor nodes to estimate the relative position.
Observation 7: Both target UE and anchor UE may assume the positioning coordination role depending on scenario.
For some scenarios, a UE may perform positioning determination periodically or when some conditions are met. Examples of such conditions may be the age of last position, the signal strength from anchor nodes, the anchor node position accuracy, the channel conditions (LOS/NLOS) between target and anchor nodes.
Positioning protocol at higher layers is based on LPP (LTE Positioning Protocol) TS 36.355, which involves an exchange of request and response messages (capabilities, assistance data, location information) between a target device and a location server, where each of them can be the requester or the responder. At the PHY layer, this exchange from higher layers translates into requests and responses for capability information, SL-PRS sequence transmissions, SL-PRS reports and coordinates information.
One option for the protocol carrying the SL positioning signaling is to build on the existing SL design and to extend the existing protocols with minimal specifications impact. The Inter UE Coordination (IUC) feature, defined in Rel 17 [4], is a good candidate that may be considered and can be extended to support the SL positioning solutions for the OOC scenarios. IUC offers the necessary framework to request and respond for the measurements and location information, to configure and trigger the necessary signaling, and to coordinate the transmissions of the anchor nodes.  
Using IUC scheme 1, UE-B may trigger the coordination by sending an explicit request to UE-A which will provide coordination information, preferred resource set or non-preferred resource set, to UE-B for UE-B’s resource selection. Coordination may also be triggered by a condition at UE-A. When the condition is met, UE-A generates and sends coordination information to UE-B.
The same IUC approach may be used for SL-PRS transmission coordination, including the resource selection for SL-PRS transmission. Thus, SL-UE coordinator may initiate (trigger) the SL-PRS transmission and indicate to the other (responder) SL-UE the preferred/non-preferred resources for SL-PRS transmission avoiding potential collisions and reducing latency.
Proposal 6: Use the IUC like protocol for the transmission of the preferred set and the non-preferred set of resources for SL-PRS resource selection purpose, and to trigger SL-PRS transmission and measuring reports.
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Conclusions
Observation 1: A SL UE may use the same or different nodes as SyncRef and respectively as Anchor UE. 
Observation 2: The quality indication of the anchor node’s coordinates or its synchronization accuracy may be used by the target node for the anchor node(s) selection.
Proposal 1: Identify and study quality metrics usage for the anchor nodes selection.
Proposal 2:  With regards to the SL positioning methods supported using at least SL measurements, potential candidate positioning methods include SL-AoD based methods.
Observation 3: High-layer and lower-layer signaling involvement in the SL-PRS configuration (Option 2) offers a more flexible solution that can cope with in coverage and out of coverage scenarios of SL positioning.
Proposal 3: For SL-PRS transmission support Alt2 i.e., support both dedicated and shared resources-based solutions.
Observation 4: For the dedicated SL-PRS resource pools, is beneficial if the control associated with SL-PRS transmissions is transmitted both in the shared (data) resource pools and SL-PRS dedicated pool resources.
Observation 5: A hard value of the LOS/NLOS indication allows the selection of most reliable measurements for position estimation, while the soft value of this indicator may allow an estimation of the confidence/precision of the location determination.
Observation 6: Provisioning of additional quality metrics characteristics for the anchor node helps to select the best measurements and to evaluate the precision of the location determination.
Proposal 4: SL positioning should support reporting of quality metric for the LoS/NLoS of SL-PRS measurements and quality metrics of anchor characteristics.  
Proposal 5: For RTT -based SL-PRS shared pool resource-based solutions consider the PSFCH channel resources for the SL-PRS transmission.
Observation 7: Both target UE and anchor UE may assume the positioning coordination role depending on scenario.
Proposal 6: Use the IUC like protocol for the transmission of the preferred set and the non-preferred set of resources for SL-PRS resource selection purpose, and to trigger SL-PRS transmission and measuring reports.
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