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1 Introduction
During RAN2#119-e, the following agreements were made on Sidelink (SL) positioning [1]:
Agreements:

Proposal 1 (modified): Confirm that for sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios shall be supported.  FFS if partial coverage case assumes anything about which UEs are in coverage.

Proposal 2: Study the architecture and signaling procedures to enable at least the following two operation scenarios:

-
Operation Scenario 1: PC5-only-based positioning.

-
Operation Scenario 2: Combination of Uu- and PC5-based positioning.

Agreement:

RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server.  FFS from RAN2 perspective if there are cases without a UE in the location server role.

Agreement:

Proposal 4 (modified): Align with SA2/RAN1 on the terms for sidelink positioning, and introduce the following terms of UE role as the baseline for further discussion:

-
Target UE: UE to be positioned

-
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 anchor UE.

Additional roles can be considered.

Agreements:

Introduce a new protocol for sidelink positioning procedures between UEs (name FFS, e.g., RSPP, SLPP).  FFS where it is specified.

The new protocol is a separate ASN.1 module from LPP (this does not necessarily imply whether it is included in 37.355).

Agreement:

Study the potential impact to LPP for support of sidelink positioning procedures between UE and LMF.  FFS how much impact (if any), e.g., only to carry the new protocol, and if the PC5-only and hybrid PC5+Uu cases are the same or different.

Agreement:

RAN2 wait for SA2 on the triggering of the positioning procedures from upper layers.

Agreement:

RAN2 will study the question of cast type for positioning signalling.  For SL-PRS, follow RAN1 decision and consider cast type if something arises in RAN2 scope.
In this contribution, we discuss the remaining aspects on system architecture, procedures and signalling for supporting SL positioning that can be targeted for Rel-18.
2. Scenarios and requirements
2.1 Coverage Scenarios

In Rel-16 and Rel-17 NR Uu link positioning has been studied/specified, including the development of a network architecture and a set of procedures for supporting positioning. The different positioning methods (e.g. DL-TDoA, DL-AoD, UL-TDoA, UL-AoA and multi-RTT) are designed such that the positioning service requirements such as accuracy and latency can be met when the target UE is in-coverage scenarios. 
As per agreement made during RAN2#119e, the coverage scenarios to be supported for SL positioning include in-coverage (IC), partial-coverage (PC) and out-of-coverage (OOC). In the previous RAN1#109e meeting, the following agreements were made regarding the coverage scenarios that can be considered for evaluations of SL positioning [2]:
	Agreement

For evaluations for SL positioning:

· For V2X and public safety use-cases, at least in-coverage and out-of-coverage scenarios are considered.

· For IIoT and commercial use-cases, at least in-coverage scenarios are considered. 

Agreement

For the purpose of evaluations, in-coverage and out-of-coverage scenarios are prioritized during the SI. 

· Note: This prioritization is not intended to down-scope support of SL positioning for partial coverage scenarios.




In Uu link based positioning, the network (e.g., gNB or LMF) is responsible for providing the assistance data and resource configurations (e.g., DL-PRS, UL-SRSp). Such configurations and resources can be provided only when the UE is in IC scenario. For SL positioning, it is beneficial to study both IC and OOC scenarios given their applicability to different use cases (e.g. V2X, IIoT, commercial). 
In partial coverage case, the following scenarios may apply:
· Scenario 1: Target UE is in OOC, and one or multiple anchor UEs are in IC

· Target UE measures SL-PRS received from anchor UE(s)

· For UE-based mode, Target UE calculates its location based on assistance data received from anchor UE and SL-PRS measurements. For UE-assisted mode, Target UE reports the measurements to anchor UE.  
· Scenario 2: Target UE is in IC, and one or multiple anchor UEs are OOC

· Target UE measures SL-PRS received from anchor UE(s)

· For UE-based mode, Target UE calculates its location based on SL-PRS measurements and assistance data received from network/anchor UE(s). For UE-assisted mode, Target UE reports the measurements to network.  

In scenario 1 above, similar procedure is applicable when both the target UE and anchor UE(s) are in OOC. In this case, the procedure for supporting SL positioning for OOC scenarios may be reused or extended for partial coverage case when the target UE is in OOC and some anchor UE(s) are in IC. A similar observation can be made for scenario 2 where some elements of the procedures applicable for IC scenarios may be reused or extended for partial coverage when the target UE is IC and anchor UE(s) are in OOC. However, in both scenarios, the corresponding procedure for the anchor UE(s) is not clear. For example, whether the anchor UEs use autonomously selected SL-PRS resources or network provided resources, when some of the UEs are IC, should be discussed.  

Given the motivation from the identified use cases for SL positioning and possibility for further extension/reuse, RAN2 can initially focus on IC and OOC scenarios in the SI and consider partial coverage scenarios during later stages of the SI. 

Proposal 1: Study the procedures/signaling for supporting partial coverage scenarios after studying the procedures/signaling for supporting IC and OOC scenarios
Proposal 2: When considering partial coverage scenarios, study procedures/signaling for the following 

· Scenario 1: Target UE is in OOC, and one or multiple anchor UEs are in IC

· Scenario 2: Target UE is in IC, and one or multiple anchor UEs are OOC
Proposal 3: When considering partial coverage scenarios, study whether/how the procedures/signaling for supporting SL positioning in IC and OOC methods can be reused/extended.  

2.2 SL positioning types
According to the SID, RAN1 and RAN2 are to consider different types of SL positioning including absolute positioning, relative positioning, ranging. In absolute positioning, the network/UE determines the horizontal/vertical position (e.g. coordinates) of the UE. Relative positioning involves estimating the location (e.g. coordinates) of a target UE relative to the location of another reference node/entity (e.g. anchor UE). The relative position of the target UE may be determined based on distance and/or direction of the UE with respect to the reference node/UE. 

Ranging can be considered as a subset of relative positioning, where ranging can be done by exchanging SL-PRS for determining the distance/direction of the UE in relation to the other node. For measuring the direction of the UE with respect to another node, a reference direction should be defined. In this regard, there can be two potential reference directions, namely absolute and relative directions. 
The absolute reference direction can be the geographic north direction, for example. The absolute angle between a target UE and other node can be measured as the angle between the north direction and the line bearing between the two nodes (e.g., the UE and another node). The relative reference direction can be the movement or travel direction of the UE. The relative angle between the UE and another node can be measured as the angle between the movement direction of the UE and the line bearing between the two nodes. The relative angle measurement can be useful in some scenarios such as V2X, where the UE may need to determine the movement direction of another UE relative to itself.  

Observation 1: For ranging, a reference direction can be useful for enabling to measure the direction of the UE with respect to another node (e.g. other UE or network node)
Proposal 4: Define both absolute direction (e.g. North direction) and relative direction (e.g. movement direction of UE) as reference directions for ranging
2.3 SL Positioning Methods

During RAN1#110 meeting [3], the following agreement was made on the SL positioning methods:

	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.  


RTT-based for SL
In RTT-based method an anchor UE transmits SL-PRS to the target UE and subsequently the target UE transmits SL-PRS to the anchor UE. The target UE makes measurements on the SL-PRS and sends the measurements (e.g. target UE Rx-Tx difference) to the anchor UE or LMF/gNB. RTT-based positioning can be applied in single-sided (e.g. RTT is measured from anchor UE or target UE perspective) and double-sided cases (e.g. RTT is measured from both target UE and anchor UE perspectives). 
A key advantage of RTT-based positioning is that the relative positioning between a pair of anchor UE and target UE can be determined, without requiring any coordination and use of multiple anchor UEs. Given the benefits, the procedures for providing the SL-PRS configurations and triggering of the SL-RS transmissions in anchor UE and target UE, in single-sided and double-sided RTT methods, should be studied. For example, whether both anchor UE and target UE can be configured with the same SL-PRS configurations and how the  RTT transmissions can be triggered with minimal overhead should be discussed.      

Proposal 5: Support single-sided RTT-based method for SL positioning 
Proposal 6: For double-sided RTT-based method, study mechanism for using the same SL-PRS configurations/resources and triggering of the SL-PRS transmissions in anchor UE and target UE
SL-TDOA

In SL-TDOA method, the anchor UEs transmit SL-PRS to the target UE. The target UE makes RSTD measurements on the SL-PRS received from different anchor UEs and sends the measurements to an anchor UE or LMF/gNB. An advantage of TDOA is that accurate positioning can be achieved using a triangularization technique. However, one disadvantage is that timing synchronization is required among the anchor UEs. This may not be suitable in a dynamic environment where the UEs may move frequently or may not be feasible for long durations due to the lack of positioning resources that can be reserved for long-term usage. In addition, coordination among anchor UEs to achieve synchronization may be difficult in a out-of-coverage scenario.
For TDOA based positioning, both DL-like (e.g. Rx-based Target UE) and UL-like (e.g. Tx-based Target UE) positioning can be considered. For example, the target can receive SL-PRS from anchor UEs in DL-like positioning and target UE can transmit SL-PRS to anchor UEs in UL-like positioning. From RAN2 perspective, the procedures and signalling for configuring SL-PRS for TDOA, triggering SL-PRS transmissions in multiple anchor UEs or target UE and sending of the measurement reports should be discussed.  

Proposal 7: For SL-TDOA study the procedures and signalling, for both in-coverage and out-of-coverage scenarios, for supporting the cases where 
· Target UE transmits SL-PRS to multiple anchor UEs 
· Target UE receives SL-PRS from multiple anchor UEs 
2.4 SL positioning requirements 

Positioning accuracy and latency are two most essential positioning metrics to evaluate the performance of a positioning method/technique. In the previous RAN1#109e meeting, the positioning accuracy for the different  types of SL positioning are defined [2]:

	Agreement

Positioning accuracy requirements for SL positioning are expressed as accuracy requirements of particular percentiles of UEs for one or more of the following metrics:

· Ranging accuracy, expressed as the difference (error) between the calculated distance/direction and the actual distance/direction in relation to another node

· Relative positioning accuracy, expressed as the difference (error) between the calculated horizontal/vertical position and the actual horizontal/vertical position relative to another node

· Absolute positioning accuracy. expressed the difference (error) between the calculated horizontal/vertical position and the actual horizontal/vertical position 

· Note: the exact applicability of particular requirements may vary across use-cases




Since RAN1 has also agreed on the accuracy requirements for a number of use cases (e.g. V2X, public safety and commercial) during RAN1#110 meeting [3] any remaining aspects related to accuracy can be left to RAN1. On the other hand, modelling of latency for the different positioning solutions and the associated latency budget values are yet to be defined and should be discussed by RAN1 and RAN2.
In Rel-17 Uu link positioning, latency of the positioning is defined on an end-to-end basis, consisting of both higher layer and lower layer components. Given similar principles, the latency for SL positioning should also be defined similar to Rel-17 Uu link positioning. For example, the E2E latency for SL positioning should be evaluated from the time the UE or the network initializes SL positioning to the time the UE/network receives all the measurement results to determine UE location.
Observation 2: E2E latency for SL positioning should be defined from the time the UE or the network initializes SL positioning to the time the UE/network receives all the measurement results of SL-PRS
For Rel-18 SI, it is desirable to define a realistic target latency for SL positioning. To this end, SA1 in TS 22.261 [4] has defined multiple positioning service levels (e.g., from level 1 to 7) in Table 7.3.2.2-1 for different scenarios, where each positioning service level has a corresponding positioning target performance requirement. The positioning service levels 1, 2, and 3 have a latency target of 1s. In our view, Rel-18 SL positioning should strive to achieve this target latency requirement for at least these positioning service levels. The service levels 4 and beyond, which have more stringent requirements can be considered later once some progress is made on SL positioning.  

Proposal 8: E2E latency requirement for SL positioning can be set to 1s (e.g. based on service levels 1, 2, and 3 in Table 7.3.2.2-1 of TS 22.261)
3. System architecture and procedures
3.1 Functionalities of LMF and UEs in SL positioning  

In Rel-18 SI, the functionalities of the LMF for supporting SL positioning and its interaction with the gNB should be investigated by RAN2. For SL positioning, whether LMF performs similar functions as in Uu link positioning, such as provisioning of assistance data or reception of measurement reports from the UE, should be discussed. The other potential functionalities that may be supported by LMF are:
· Determining whether to use Uu link positioning and/or SL positioning when receiving an LCS request
· Deciding whether to use absolute positioning, relative positioning or ranging for a target UE 

· Deciding on the SL positioning method (e.g. timing-based or angle-based based on UE capability info)

· Selection of anchor UEs for a target UE (e.g. based on knowledge of anchor UEs capability and location info)
For IC scenarios, how SL-PRS transmisisons can be flexibly triggered and which network entity (e.g. gNB or LMF) can support such initiation/triggering should be discussed. For example, based on the interaction between LMF and gNB, the LMF can provide the semi-static SL-PRS configuration parameters to the UEs (e.g. as assistance data) and the gNB can trigger the activation/deactivation of SL-PRS transmissions when the anchor UE and target UE are in IC. 
In OOC and some IC scenarios, the possibility for the target UE and/or anchor UEs to autonomously initiate SL positioning, decide on the SL-positioning method, and select anchor UEs for transmitting SL-PRS should also be studied.   
Proposal 9: Study functionalities of LMF for supporting SL positioning (e.g. determining SL positioning method, interaction between LMF and gNB for scheduling resources for SL positioning) for in-coverage scenario

Proposal 10: Study functionalities of UE-autonomous operation for SL positioning (e.g. deciding on the SL-positioning method, selecting anchor UEs for transmitting SL-PRS) for at least out-of-coverage scenarios
3.2 Initiation of SL positioning

The initiation of positioning procedure, which is typically triggered by a location request from an LCS client, is an important aspect in the positioning procedure. The location request from an LCS client may not indicate whether Uu link positioning or SL positioning to be applied for a target UE, but may indicate the requirements (e.g. accuracy, latency) when positioning a target UE. The network (e.g. LMF or gNB) can decide whether Uu link vs. SL positioning or the SL-positioning type/method can be used.
For SL positioning, MO-LR can be applicable to both IC and OOC scenarios and MT-LR can be applicable to mainly IC scenarios. On the other hand, deferred MT-LR may be applicable in IC and OOC scenarios where the UE may be preconfigured with some events (e.g. area events, mobility events) and/or the SL-PRS configurations, which can then be used for performing SL-PRS measurements when detecting any of the events. The measurement results or location estimates can be provided to network when the UE is IC, for example. 
In the previous RAN2#119e meeting, an agreement was made to wait for SA2 on the triggering of positioning procedures from upper layers. In the meantime, RAN2 can discuss the procedures on how initiation of SL positioning can be supported in different coverage scenarios, using the existing initiation procedures from upper layer (e.g. MO-LR, MT-LR, deferred MT-LR) as baseline.  
Proposal 11: Study procedures for supporting MO-LR, MT-LR and deferred MT-LR for SL positioning in in-coverage scenarios
Proposal 12: Study procedures for supporting MO-LR and deferred MT-LR for SL positioning in out-of-coverage scenarios

3.3. UE-assisted and UE-based positioning

Similar to Uu link positioning, the procedures for supporting SL positioning can be categorized into UE-assisted and UE-based positioning, where the the UE in both cases refers to the target UE. 
For UE-assisted positioning in IC scenarios, the anchor UE transmits SL-PRS to the target UE such that the target UE can make measurements and report the measurements to LMF/gNB. While in IC the LMF and/or gNB can provide assistance data/resources (e.g. LMF provides SL-PRS parameters and gNB allocates resources and handles triggering/activation of SL-PRS transmission) to the target UE and/or anchor UE. For UE-assisted positioning in OOC scenarios, the target UE makes measurements of SL-PRS transmitted by anchor UE and sends the measurement report to an anchor UE, which then calculates the location of the target UE.  

In UE-based positioning, the anchor UEs transmit SL-PRS to the target UE such that the target UE can make measurements and calculate its location info. UE-based positioning can be supported in both IC and OOC scenarios and can be considered as an option when the target UE does not need to report measurements to the network or anchor UE. For example, the assistance data for UE-based positioning can be provided to the target UE directly by the anchor UE (in OOC scenarios), by the network (in IC scenario) or preconfigured in target UE. In our view, both UE-assisted and UE-based SL positioning are beneficial and can be applied for different scenarios and positioning methods.   
Proposal 13: Study procedures for supporting both UE-assisted and UE-based SL positioning for in-coverage and out-of-coverage scenarios

3.4 Location information of Anchor UE

For SL positioning, UEs are expected to coordinate with each other to locate a target UE. In this regard, the roles/functionalities of the UEs involved in SL positioning, including the target UE and anchor UEs, should be defined. In the previous RAN2#119e meeting, some of the roles/functionalities of anchor UE were agreed, and an FFS was included on the knowledge of the anchor UE location. Given the FFS, aspects related to providing the location info of anchor UE for calculating the target UE location should be further discussed.  

When supporting absolute positioning, the location info of the anchor UEs involved in positioning a target UE should be known at the network (for UE-assisted positioning) or target UE (for UE-based positioning). For UE-assisted positioning, the location of anchor UE can be determined by LMF based on measurement report or calculated location info provided by the anchor UE. Alternatively, the LMF may receive the info from AMF or OAM on available anchor UEs (e.g. with known location) that can be used for SL positioning. 

For UE-based positioning, the anchor UE location info can be provided to the target UE by LMF as assistance data. The network-provided location info can be applicable in IC scenarios and in some OOC scenarios (e.g. preconfigured in UE). Alternatively, the anchor UE location info can be provided to the target UE by the anchor UE via SL signalling (e.g. via SLPP/RSPP). The anchor UE-provided location info can be applicable in both IC and OOC scenarios, and may be more up-to-date, especially when considering some anchor UEs which may be mobile.    
Proposal 14: Study mechanism and signalling for anchor UE providing its location info to target UE (e.g. for UE based positioning) or network (e.g. for UE-assisted positioning)

The location info of a UE will typically have certain uncertainties, irrespective of the positioning method used for determining the location info (e.g. GNSS or RAT-dependent method). The degree of uncertainty may be dependent on different factors, including quality of measurements (e.g. RSRP strength), positioning accuracy of reference nodes and positioning method applied. In the case when the anchor UE determines its location (e.g. using GNSS), it can provide its location info and the associated uncertainty to the network. It should be noted that for Uu positioning, details related to uncertainties of TRP locations can be found in Clause 6.4.1 in TS 37.355 [5].
It is important for the network to have the uncertainty info of the anchor UE location, since such info can be useful for deciding whether the anchor UE can be selected for SL positioning. By the same reasoning, it is also useful for the target UE to have the knowledge of the uncertainty info of the anchor UE location. When the target UE is in IC, the uncertainty of the anchor UE location can be received from the network, for example, as assistance data. In OOC, the target UE can receive the uncertainty info from the anchor UE. 

Proposal 15: Support anchor UE reporting the uncertainty associated with its location info to the network (e.g. when anchor UE location info is not determined/available at network)  
Proposal 16: Study target UE receiving uncertainty associated with the location info of anchor UE from the network (e.g. for in-coverage) or anchor UE (e.g. for out-of-coverage)
3.5 Selection of Anchor UE

In IC scenarios, the network (e.g. LMF or gNB) can initiate the selection of anchor UEs and provide the selection info as assistance data to the target UE. The network can also provide the SL-PRS configurations associated with the selected anchor UEs to the target UE. In some scenarios the network may not know which of the anchor UEs may be suitable for positioning a target UE (e.g. due to presence of blockage or NLOS path over SL). In this case, for example, the network can assist the target UE with the selection by providing a set of candidate anchor UEs along with some conditions (e.g. SL quality measurements, LOS/NLOS identification) in the assistance data. The target UE can then select some suitable anchor UEs from the candidates based on the configured conditions, for example. 
Proposal 17: Study procedure for network to assist in the selection of anchor UEs in in-coverage scenarios

In OOC scenarios, prior to initiating transmitting and/or receiving SL-PRS, the anchor UEs are expected to be discovered by the target UE. Depending on the method applied for SL positioning (e.g. RTT or TDOA), the number of anchor UEs expected to be selected can vary. In this regard, how the anchor UEs in proximity can be discovered and selected by the target UE such that the subsequent SL-PRS transmissions and measurements can be done efficiently and with the desired accuracy should be discussed.  

Proposal 18: Study procedure for target UE to discover and select anchor UEs at least in out-of-coverage scenarios
When supporting V2X use cases, it is possible that the anchor UEs that can support SL positioning and available for selection may be either stationary (e.g. RSU/PRU with known location info) and/or mobile (e.g. vehicle). In this case, the procedure and signalling impacts for supporting the selection of mobile and/or stationary anchor UEs should be discussed. 

Proposal 19: Study the selection of stationary/fixed (e.g. RSU/PRU) and/or mobile (e.g. vehicle) anchor UEs, and their impacts on signalling in IC and OOC scenarios
3.6 SL-PRS Resource allocation 
Resource allocation for SL data communication is well established in NR. There are two resource allocation modes for SL communication, namely Mode 1 and Mode 2. In Mode 1, the network schedules resources for a Tx UE to perform SL transmissions, and in Mode 2 the Tx UE autonomously selects the SL resources for its transmission. For SL positioning, similar resource allocation principles can be applied where the network (e.g. gNB) can be expected to allocate and schedule SL-PRS resources in IC scenarios and the UEs can select resources for SL positioning autonomously at least in OOC scenarios. In previous RAN1#110 meeting, the following agreement was made on resource allocation schemes for SL positioning:

	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

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




Given their applicability in different scenarios, both Scheme 1 (network-centric) and Scheme 2 (UE-autonomous) resource allocation for SL-PRS should be supported, where Scheme 1 can be used for IC scenarios and Scheme 2 can be used at least in OOC scenarios. 
In IC scenarios, the gNB can allocate the SL-PRS resources to anchor UE and/or target UE based on the SL positioning method (e.g. RTT, TDOA) and interaction with LMF. In some cases, it may be possible for gNB to dynamically allocate SL-PRS resources for Scheme 1 based on UE feedback, e.g. on SL measurements. Configuring Scheme 2 for some UEs in IC can also be beneficial for saving signalling over the Uu interface for SL positioning. Therefore, whether both Scheme 1 and Scheme 2 can be configured for UEs in IC scenarios should be discussed.
It may also be possible for the gNB to switch between Scheme 1 and Scheme 2 for some UEs based on feedback provided by the anchor UE or target UE. For example, when the UE indicates low congestion conditions over SL (e.g. low CBR associated with SL-PRS), the gNB may switch from Scheme 1 to Scheme 2 for minimizing overhead over Uu link. Alternatively, when quality of SL-PRS measurements is not sufficient (e.g. low RSRP) when using resources from Scheme 2, the gNB can switch to Scheme 1 for allocating more reliable SL-PRS resources.   
Proposal 20: Study mechanism for dynamically allocating SL-PRS resources using Scheme 1 (network centric) for in-coverage scenarios (e.g. based on interaction with LMF and/or UEs)
Proposal 21: Study the support of both Scheme 1 and Scheme 2 for in-coverage scenarios
Proposal 22: Study mechanism for gNB to switch between Scheme 1 and Scheme 2 in certain conditions (e.g. based on UE feedback)
In OOC scenarios, when the anchor UE is the Tx UE, the anchor UE can autonomously select SL-PRS resources from a configured resource pool and indicate the selected resources to the target UE during SL-PRS transmission. Similar approach can be applied when the target UE is the Tx UE. In RTT-based positioning, it may be efficient for either one of the UEs to select the SL-PRS resources that can be used by both anchor UE and target UE during SL-PRS transmissions.  

Proposal 23: Study mechanism for selecting SL-PRS resources using Scheme 2 (UE autonomous) for at least out-of-coverage scenarios
3.7 Signalling for configuring and triggering SL-PRS transmission
For SL positioning, similar principles as that of Uu link positioning can be applied for provisioning the configurations/resources via higher layer signalling and triggering/activating/deactivating via low layer signalling. This would allow to use the semi-static aspects of higher layer signalling (e.g. via RRC, LPP) for reducing overhead and lower layer signalling (e.g. in MAC CE, DCI, SCI) for flexibly initiating/activating the SL-PRS transmission. In the previous RAN1#109e meeting, the following agreement was made regarding configuring and triggering of SL-PRS [2]:
	Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:

· Option 1: High-layer-only signaling involvement in the SL-PRS configuration

· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 

· Based on the study, this option may correspond to

· A SL-PRS configuration that is a single-shot or multiple shots 

· A high-layer configuration that may be received from an LMF, a gNB, or a UE

· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration

· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI

· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.

· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration

· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI

· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.




During RAN1#110 meeting, additional agreements were made on configuring/triggering of SL-PRS [3]:

	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.



The following illustrate the example signalling configuring and triggering of SL-PRS for IC and OOC scenarios: 
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Figure 1 An example of signalling between LMF, gNB, anchor UE and target UE for SL positioning in IC scenarios
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Figure 2 An example of signalling between anchor UE and target UE for SL positioning in OOC scenarios
For IC scenarios, the target UE and/or anchor UEs can initially receive the SL-PRS configurations from network (e.g. gNB or LMF). The anchor UEs can then be triggered via MAC CE or DCI for initiating/activating the transmission of SL-PRS. In OOC scenarios, the target UE can receive the SL-PRS configurations from anchor UE or use any preconfigured SL-PRS configurations (e.g. preconfigured by network). The anchor UEs and/or target UE can then be triggered via lower layer signalling (e.g. SL-MAC CE or SCI) for initiating/activating/deactiving SL-PRS transmissions. 
Proposal 24: Support combination of higher-layer (e.g. SLPP, RRC) and lower-layer signalling (e.g. MAC CE, DCI, SCI) for configuring and triggering of SL-PRS transmissions in both in-coverage and out-of-coverage scenarios
3.8 Processing window for SL-PRS

Another aspect to consider is how the UE can be guaranteed with a time window for processing SL-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 time window for processing of SL-PRS measurements, should be discussed.

Proposal 25: Study the need for a mechanism similar measurement gap or processing window where the target UE and/or anchor UE can be configured with a time window for processing of SL-PRS measurements

4. LPP/SLPP for SL positioning 
4.1 LPP ehancements for supporting SLPP
In Uu link positioning, establishing an LPP session upon initiation via MT-LR or MO-LR, results in configuring an LPP layer in the protocol stack at UE and LMF. With the LPP session/layer, the different LPP procedures and signalling including capability transfer, assistance data transfer, and location information transfer can be supported for determining the UE location. 
For supporting procedures/signaling of SL positioning between UEs, given that similar procedures and signalling as that of Uu link positioning may apply (e.g. providing assistance data, reporting measurements), a major part of the LPP framework can be reused. In previous RAN2#119e meeting, a new protocol (SLPP/RSPP) for SL positioning procedures was agreed to be introduced.  

For supporting signaling for SL positioning, the SLPP layer can be configured above the RRC layer in the SL control plane protocol stack (i.e. SCCH) so that SLPP messages between UEs can be exchanged via PC5-RRC connection, similar to the exchange of LPP signaling via NAS/RRC for Uu link positioning. 
For identifying any potential enhancements to LPP such that it can be used for transferring SLPP related signaling, whether and how any of the differences between SL positioning and Uu link positioning impacts the LPP procedures should be investigated. Specifically, the aspects related to SL positioning that may impact LPP are:

· Operation in IC scenarios and OOC scenarios 

· Support for UE-based positioning and UE-assisted SL positioning

· Types of SL positioning (e.g. absolute positioning, relative positioning, ranging) 

· SL positioning methods (e.g. timing-based, angle-based)
In IC scenarios, establishing an LPP session should allow any of the signaling intended for SL positioning (e.g. SL-PRS configuration) to be transferred between the target UE/anchor UE and LMF. Similarly, in OOC scenarios, establishing SLPP between the target UE and anchor UEs should allow the transfer of SLPP messages (e.g. capability info, assistance data) using the correspdoing procedures over the PC5 link. 

Proposal 26: Support enhancements to LPP for transferring signaling associated with SLPP between the LMF and target UE/anchor UE
4.1 Cast Types for SLPP

One of the key considerations for the design of SLPP is the cast type to be used for transferring the SLPP signaling/messages between a target UE and one or more anchor UE(s) in an out-of-coverage scenario. As a new reference signal (SL-PRS) is agreed to be introduced in RAN1 [3] for supporting SL positioning/ranging, it becomes essential to first determine the cast type that can be used for handling corresponding the SLPP procedures and signaling including capability transfer, assistance data transfer (e.g. SL-PRS configurations, anchor UE location info) and location information tranfer (e.g. measurement reports). 

Unicast is the only cast type that can support higher layer connection between the UEs and therefore, at least unicast should be supported for handling SLPP procedures and signalling. On the other hand, groupcast and broadcast should be further studied in connection with the positioning method applied (e.g., in “many-to-one” or “one-to-many” scenarios) and type of SLPP messages. For example, groupcast/broadcast can be useful for discovering and selecting multiple anchor UEs, e.g. when supporting SL-TDOA. Similarly, SL assistance data transfer procedure can benefit from lower signaling overhead and scalability when handled via groupcast/broadcast, e.g. for efficiently transferring assistance data to multiple anchor UEs. In our view, designing a common framework for cast types that can be applied for transferring SLPP messages irrespective of the coverage scenarios or positioning methods should be preferred.   
Proposal 27: Support at least unicast for handling SLPP procedures and signaling
Proposal 28: Study whether and how SLPP messages (e.g. assistance data) can be transferred between the UEs using groupcast/broadcast 

4.2 Capability information transfer

In IC scenarios, the LPP capability transfer procedure can be reused for SLPP to transfer capability info related to SL positioning. The SL positioning capability info can be provided by both target UE and anchor UE, possibly when receiving the SLPP request capability info message. The contents of capability info for SL positioning, for example, can include the capability for supporting different cast types, SL positioning methods (e.g. timing based, angle based), and SL positioning types (e.g. absolute positioning, relative positioning). For anchor UE, the capability info may also include mobility info (e.g. speed, direction), which can be used by the network for determining its suitability for positioning a target UE. In OOC scenarios, the target UE can transfer its capability info to a selected anchor UE, based on which the anchor UE can provide assistance data for SL positioning to the target UE. 
Proposal 29: Support enhancements to LPP (e.g. specific to SLPP) for requesting/transferring capability info from target UE and/or anchor UE to LMF in in-coverage scenarios

Proposal 30: Support SLPP capability transfer procedure for requesting/transferring capability info from target UE to anchor UE in out-of-coverage scenarios

Proposal 31: Study the contents of new capability info (e.g. timing-based and/or angle-based methods over SL) carried by SLPP messages for SL positioning 

4.2 Assistance data transfer

In both IC and OOC scenarios, the contents and direction of the assistance data that is transferred to/from target/anchor UE and network can vary depending on whether UE-based or UE-assisted SL positioning is used and depending on the SL positioning type/method applied. Similar to Uu link positioning, the SL-PRS configuration parameters provided to the anchor UE and/or target UE can depend on whether timing-based (e.g. RTT, TDOA) or angle-based (SL-AoD, SL-AoA) positioning is used. 
In IC scenario, the assistance data can be provided by LMF to target/anchor UE, suing enhanced LPP,  when the UE sends an LPP request for assistance data message to LMF. As discussed in earlier sections, when the target UE sends a request for assistance data to the anchor UE in OOC scenario, the anchor UE can provide the assistance data (e.g. SL-PRS configurations/parameters, anchor UE location info) using SLPP assistance data procedure over the PC5 link.
Proposal 32: Support enhancements to LPP (e.g. specific to SLPP) for requesting/transferring assistance data from network to target UE and/or anchor UE in in-coverage scenarios
Proposal 33: Support SLPP assistance datra transfer procedure for requesting/transferring assistance data from anchor UE to target UE in out-of-coverage scenarios

Proposal 34: Study the contents of new assistance data (e.g. SL-PRS configurations/parameters, anchor UE location info) carried by SLPP messages for supporting different SL positioning types/methods
4.3 Location information transfer

In Uu link positioning, upon receiving the LPP request location info message the UE performs PRS measurements and sends the measurement report to LMF in the LPP provide location info message. Similarly, in SL positioning, the target UE can perform SL-PRS measurements when receiving the SLPP request for location info message and send the measurement report in SLPP provide location info message. In IC scenarios, the target UE can receive and send the request/provide location info messages to LMF. Whereas in OOC scenarios, the SLPP request/provide location info messages can be received and sent by the target UE to the anchor UE over the PC5 link. 
Regarding the contents of the SLPP provide location info message, the measurements reported by the target UE can consist of RSRP of SL-PRS for timing or angle-based positioning methods. While RSTD can be reported for TDOA methods, the target UE can also report the UE Rx-Tx measurement when using RTT based positioning. During RAN1#110 meeting, the following agreement was made on the SL positioning measurement report:

	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


Since RAN1 has identified some of the contents of the measuremnets report, any remaining aspects on the information to be reported for SL positioning can be left to RAN1. On the other hand, RAN2 can focus on supporting the SLPP location information transfer procedure for SL positioning.  

Proposal 35: Support enhancements to LPP (e.g. specific to SLPP) for requesting/providing measurement report from target UE/anchor UE to LMF for in-coverage scenarios

Proposal 36: Support SLPP location transfer procedure for requesting and providing measurement report/location info between target UE and anchor UE for out-of-coverage scenarios
Conclusion
In this contribution, the following observation were made on: 
Observation 1: For ranging, a reference direction can be useful for enabling to measure the direction of the UE with respect to another node (e.g. other UE or network node)
Observation 2: E2E latency for SL positioning should be defined from the time the UE or the network initializes SL positioning to the time the UE/network receives all the measurement results of SL-PRS
Based on these observations, the following conclusions were made:
Scenarios and requirements

Proposal 1: Study the procedures/signaling for supporting partial coverage scenarios after studying the procedures/signaling for supporting IC and OOC scenarios
Proposal 2: When considering partial coverage scenarios, study procedures/signaling for the following 

· Scenario 1: Target UE is in OOC, and one or multiple anchor UEs are in IC

· Scenario 2: Target UE is in IC, and one or multiple anchor UEs are OOC

Proposal 3: When considering partial coverage scenarios, study whether/how the procedures/signaling for supporting SL positioning in IC and OOC methods can be reused/extended.  

Proposal 4: Define both absolute direction (e.g. North direction) and relative direction (e.g. movement direction of UE) as reference directions for ranging
Proposal 5: Support single-sided RTT-based method for SL positioning 
Proposal 6: For double-sided RTT-based method, study mechanism for using the same SL-PRS configurations/resources and triggering of the SL-PRS transmissions in anchor UE and target UE
Proposal 7: For SL-TDOA study the procedures and signalling, for both in-coverage and out-of-coverage scenarios, for supporting the cases where 
· Target UE transmits SL-PRS to multiple anchor UEs 
· Target UE receives SL-PRS from multiple anchor UEs 
Proposal 8: E2E latency requirement for SL positioning can be set to 1s (e.g. based on service levels 1, 2, and 3 in Table 7.3.2.2-1 of TS 22.261)
System architecture and procedures

Proposal 9: Study functionalities of LMF for supporting SL positioning (e.g. determining SL positioning method, interaction between LMF and gNB for scheduling resources for SL positioning) for in-coverage scenario

Proposal 10: Study functionalities of UE-autonomous operation for SL positioning (e.g. deciding on the SL-positioning method, selecting anchor UEs for transmitting SL-PRS) for at least out-of-coverage scenarios
Proposal 11: Study procedures for supporting MO-LR, MT-LR and deferred MT-LR for SL positioning in in-coverage scenarios
Proposal 12: Study procedures for supporting MO-LR and deferred MT-LR for SL positioning in out-of-coverage scenarios
Proposal 13: Study procedures for supporting both UE-assisted and UE-based SL positioning for in-coverage and out-of-coverage scenarios
Proposal 14: Study mechanism and signalling for anchor UE providing its location info to target UE (e.g. for UE based positioning) or network (e.g. for UE-assisted positioning)
Proposal 15: Support anchor UE reporting the uncertainty associated with its location info to the network (e.g. when anchor UE location info is not determined/available at network)  

Proposal 16: Study target UE receiving uncertainty associated with the location info of anchor UE from the network (e.g. for in-coverage) or anchor UE (e.g. for out-of-coverage)
Proposal 17: Study procedure for network to assist in the selection of anchor UEs in in-coverage scenarios
Proposal 18: Study procedure for target UE to discover and select anchor UEs at least in out-of-coverage scenarios
Proposal 19: Study the selection of stationary/fixed (e.g. RSU/PRU) and/or mobile (e.g. vehicle) anchor UEs, and their impacts on signalling in IC and OOC scenarios
Proposal 20: Study mechanism for dynamically allocating SL-PRS resources using Scheme 1 (network centric) for in-coverage scenarios (e.g. based on interaction with LMF and/or UEs)
Proposal 21: Study the support of both Scheme 1 and Scheme 2 for in-coverage scenarios
Proposal 22: Study mechanism for gNB to switch between Scheme 1 and Scheme 2 in certain conditions (e.g. based on UE feedback)
Proposal 23: Study mechanism for selecting SL-PRS resources using Scheme 2 (UE autonomous) for at least out-of-coverage scenarios
Proposal 24: Support combination of higher-layer (e.g. SLPP, RRC) and lower-layer signalling (e.g. MAC CE, DCI, SCI) for configuring and triggering of SL-PRS transmissions in both in-coverage and out-of-coverage scenarios
Proposal 25: Study the need for a mechanism similar measurement gap or processing window where the target UE and/or anchor UE can be configured with a time window for processing of SL-PRS measurements

LPP/SLPP for SL positioning

Proposal 26: Support enhancements to LPP for transferring signaling associated with SLPP between the LMF and target UE/anchor UE
Proposal 27: Support at least unicast for handling SLPP procedures and signaling
Proposal 28: Study whether and how SLPP messages (e.g. assistance data) can be transferred between the UEs using groupcast/broadcast 
Proposal 29: Support enhancements to LPP (e.g. specific to SLPP) for requesting/transferring capability info from target UE and/or anchor UE to LMF in in-coverage scenarios
Proposal 30: Support SLPP capability transfer procedure for requesting/transferring capability info from target UE to anchor UE in out-of-coverage scenarios
Proposal 31: Study the contents of new capability info (e.g. timing-based and/or angle-based methods over SL) carried by SLPP messages for SL positioning 
Proposal 32: Support enhancements to LPP (e.g. specific to SLPP) for requesting/transferring assistance data from network to target UE and/or anchor UE in in-coverage scenarios
Proposal 33: Support SLPP assistance datra transfer procedure for requesting/transferring assistance data from anchor UE to target UE in out-of-coverage scenarios
Proposal 34: Study the contents of new assistance data (e.g. SL-PRS configurations/parameters, anchor UE location info) carried by SLPP messages for supporting different SL positioning types/methods
Proposal 35: Support enhancements to LPP (e.g. specific to SLPP) for requesting/providing measurement report from target UE/anchor UE to LMF for in-coverage scenarios
Proposal 36: Support SLPP location transfer procedure for requesting and providing measurement report/location info between target UE and anchor UE for out-of-coverage scenarios
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