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Introduction
The Rel-18 NR expanded and improved positioning WID was approved upon during the RAN#98-e [1] meeting, where RAN2-centric primary objectives were defined to support SL positioning as highlighted in below excerpt:
	The specific objectives of this work item are:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· …
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



During the RAN2#121 [2] meeting, the following SL Positioning agreements were made:
	Agreement:
Use “SLPP” (without hyphen) as the name of the new protocol.
Agreements:
Regarding the structure of SLPP, e.g. general part, procedure part , Information Element Abstract Syntax Definition,  the structure of LPP (TS 37.355) can be used as baseline for further discussion. The content of each section will be added in accordance with future agreements, not based on LPP legacy directly. FFS on procedure description in the field description as LPP.
Regarding the ASN.1 part of SLPP, follow NR RRC approach, e.g. 
-	FFS on Need code (e.g. how to support no UL/DL), support of delta signalling
-	Define ASN.1 elements for common UE capabilities in a dedicated section (i.e. “UE capability information elements”); FFS whether any positioning method specific capability IEs should be grouped by positioning method.
-	Common section for constraints
-	“nonCriticalExtension” at message level 
-	Fields in the field description are sorted based on alphabetical order  
-	FFS on whether setup release structure should be introduced in SLPP
Agreement:
PC5-U is used for transport of SLPP.
Agreement:
With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1. Triggering event
2. Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light.  The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.
Agreement:
RAN2 do not intend to discuss assistant UE functionality in Rel-18.
To be indicated in the LS to SA2 in discussion [409].

Direct ranging between two UEs with the server providing assistance to both sides is not precluded.
Agreement:
RAN2 confirm that for cases without LMF involvement, besides method determination, assistant data distribution and anchor UE selection (agreed in RAN2), the SL positioning server UE may perform SL-PRS configuration coordination and location calculation.



In addition, various RAN2 secondary objectives were also defined, which require some degree of coordination with RAN1 and RAN3. This contribution provides a detailed discussion into the various areas to develop in order to support the necessary functionality and procedures to perform SL positioning.
SL Positioning Architecture
The following study aspects were investigated in relation to the SL positioning architecture [3]:
	Potential Architecture for SL Positioning
Sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios may be supported. In partial coverage scenarios, either of UEs including target UE and one or multiple anchor UEs may be OOC, but with at least one UE being in coverage. 
The architecture and signaling procedures are studied to support Operation Scenarios 1 and 2 involving PC5-only-based positioning and combination of Uu- and PC5-based positioning respectively.
NOTE:	How to enable the procedures/signaling for supporting SL positioning in partial coverage will be further discussed in normative work.
RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server.  RAT-independent SL positioning is not considered in this release. RAN2 waits for SA2 on the triggering of the positioning procedures from upper layers.
The current NG-RAN positioning architecture can in principle be re-used to support Sidelink Positioning in in-coverage and partial coverage scenarios.


Sidelink positioning in different scenarios, including in-coverage, partial coverage, and out-of-coverage, may be supported. The architecture and signaling procedures have been studied for two operational scenarios, i.e., PC5-only positioning and combination of Uu- and PC5-based positioning. Further discussion on how to support SL positioning in partial coverage remains an open issue. In general, RAN2 follows SA2 on the architecture. The next section focuses on the key priority aspects to support SL positioning from RAN2 point of view.
SL Positioning Discovery 
SA2 also indicated the need for a discovery function as noted in their pCR [3]. In order to discover the UEs involved in a SL positioning session including Anchor UEs, SL Positioning Server UEs and target-UE, a discovery mechanism may be required. During the previous RAN2#121 meeting [2], there was some understanding on the need to perform discovery procedures at the SLPP layer since positioning-level functionality such as selection of positioning methods and number of anchor nodes required are not necessarily known by the application layer. Further discussion would also be needed on the model discovery framework for the different SL positioning entities, i.e. Model A or Model B discovery methods.
Proposal 1: RAN2 to support discovery procedures for at least anchor UE(s) and target-UE. FFS the AS layer impacts of discovery procedures including the type of discovery framework.
Identification and Selection of Anchor UEs
The positioning requirements agreed in RAN1#109-e [4], target both absolute and relative positioning requirements. For each of these cases, it is expected that anchor UEs with relative stable mobility patterns and known UE locations, may be configured to participate in SL positioning/ranging session. This is especially required for positioning techniques requiring 2 or more anchor nodes for enhanced positioning performance.
Observation 1: Anchor nodes with known locations such as UEs and RSUs can enable certain SL positioning techniques and in other cases improve positioning performance.
One of the key responsibilities of anchor nodes, would be to transmit/receive SL-PRS, perform SL positioning measurements and reporting, as well as any other key positioning-related tasks. In the case of anchor UEs, there are additional issues worth studying including the selection, triggering and configuration of anchor nodes to perform the aforementioned tasks. And the solutions for anchor nodes issues should be studied for both LMF-dependent SL positioning architecture and LMF-independent SL positioning architecture, to support in coverage, partial coverage and out of coverage scenario. For the LMF-dependent SL positioning architecture, the LMF may need to perform Anchor/Server UE management to the anchor nodes in addition to legacy target UE, while for LMF-independent SL positioning architecture, the anchor nodes management (e.g., including (re)selection, triggering and configuration) may be controlled by gNB if in-coverage or determined by an UE that starts/initiates the SL positioning session in a distributed fashion, and therefore the corresponding coordination procedures need to be studied.
Additionally, there are certain Radio parameters which can be utilised to select optimal anchor UEs from a candidate list of anchor UEs based on:
· Reported LOS/NLOS indication, which implies the selection of anchor UEs classified with LOS links
· Reported SL measurements, e.g., SL PRS RSRP, other SL RS RSRP metrics, which indicates the link quality between target-UE and anchor UEs.
· Coverage scenario of the potential anchor UEs, e.g., in-coverage, partial coverage and/or out-of-coverage
· Synchronization related information, e.g., RTD offset, synchronization source information, which helps minimize synchronization errors amongst candidate anchor UEs as well ensure anchor UEs have the same synchronization source.
· Specific UE type, e.g., RSU, or UEs with specific velocity, direction/ angle, or UEs supports specific positioning methods, etc. 
Proposal 2: RAN2 is recommended to support procedures related to anchor UE(s) including triggering, (re)selection, and configuration when performing sidelink positioning procedures. 
Proposal 3: Anchor UE selection radio-based criteria may be based on at least reported LOS/NLOS indication, reported SL measurements, e.g., SL PRS RSRP, coverage of anchor UEs, synchronization related information, specific UE type. FFS any further Anchor UE selection criteria.
SL Positioning Groupcast/Broadcast Security
SA3 [5] and SA2 [6] have provided their respective replies on the issue of groupcast and broadcast positioning use cases and security issues for SL positioning. 
	SA2 Reply [6]:
Regarding the questions from RAN2 on the use cases for groupcast/broadcast signalling for SL positioning, SA2 would like to point out that for the V2X use cases, for example those documented in TR 38.845, there are use cases of involving Road Side Unit (RSU) and multiple vehicles, or multiple vehicles in a platoon, which would benefit from groupcast/broadcast signalling support.  Additionally, the MCX service that relies on group communication would also benefit from groupcast/broadcast signalling support.
In addition, for Ranging based services, as documented in TR 22.855, there are multiple use cases that involve groups of UEs performing Ranging/Sidelink positioning services, e.g. Museum Tour, etc.
Furthermore, SA2 would like to also point out that SA2 has concluded group management in the attached pCR S2-2301782.
SA3 Reply [5]:
SA3 has preliminarily agreed that unprotected broadcast/groupcast signaling has security issue, therefore ciphering and integrity protection are required for the signaling transferred using groupcast/broadcast. Currently, ciphering and integrity protection are not supported for broadcast/groupcast on sidelink.
SA3 has also preliminarily agreed that it is feasible to work on the corresponding requirements and solutions for protecting broadcasted/groupcasted SL positioning signaling when the basic groupcast/broadcast procedure is stable. Therefore, SA3 would appreciate more information (e.g. user cases for broadcast/groupcast, detailed operations) from RAN2 for developing feasible solutions, if any.
In addition, SA3 would also appreciate feedback from SA2 on group management for SL positioning signalling groupcast.


SA3 has determined the need for ciphering and integrity protection for SL positioning broadcast and groupcast messages. SA3 may further work on security management of the SL positioning groupcast and broadcast message pending stability of the SL positioning groupcast/broadcast procedures. In this case, RAN2 can start work on SL positioning signalling and procedure for groupcast/broadcast. More specifically, two use cases for groupcast/broadcast can be further studied:
· One target UE and multiple anchor UEs in one group: as captured in TR 38.859, in addition to unicast, SL positioning capability, assistance data etc. can be sent by groupcast/broadcast
· [bookmark: OLE_LINK7]Multiple target UEs and one or multiple anchor UEs in one group: i.e. SL group positioning, with multiple UEs performing Ranging/Sidelink positioning services, e.g. Museum Tour, etc
Both session-based and session-less operation can be further studied for the above two use cases. For session-based procedure, which means all group members in one group are in the same SLPP session, and SLPP procedures and signalling are associated with this session. For session-less procedure, a target-UE may depend on groupcasted or broadcasted signalling without a session for SL positioning and ranging. SL positioning signalling and procedure for session-based and session-less operation can then be separately designed. In any case, security aspects such as the exchange of ciphering keys also need to be considered for both groupcast/broadcast in different coverage scenarios, pending further inputs from SA3.
Proposal 4: RAN2 starts to work on SL positioning signalling and procedure for groupcast/broadcast, with consideration of the following use cases and aspects:
· One target UE and multiple anchor UEs in one group
· Multiple target UEs and one or multiple anchor UEs in one group
· Session-based or session-less procedure
· Security aspects under different coverage scenarios such as the exchange of ciphering keys, etc., may also require SA3 coordination
SL Positioning Group Management
SA2 has indicated that there are indeed use cases that may benefit from performing SL positioning within a group. They are also further concluded in the attached pCR [6], that the group management can be performed at the application layer, however it has also been noted that group management at the SLPP layer is also out-of-scope of SA2. There is therefore sufficient motivation and use cases to enable support of group positioning. In addition, it is up to RAN2 (and RAN1) to decide on the need for group management at the SLPP layer, and there are benefits of performing group management at the SLPP layer, including but not limited to: 1) selection/addition/removal of anchor nodes, 2) SL radio resource management including resource allocation and 3) Dynamic group management based on the number of available supported SL positioning/ranging UEs. It can be noted that such management functionality can be transparent to the Application layer.
Proposal 5: Support SL group positioning including performing SL positioning or ranging for distance/direction among SL positioning group members. 

Proposal 6: RAN2 to further discuss in which layer to support SL positioning Group management at the:
· Application Layer 
· SLPP Layer 
SL Positioning ID Management
SA2 has also requested the RAN WGs input for several RAN parameters in their earlier LS [8], including the type of identifiers required to support SL positioning. SL communications makes self-generated source-IDs and higher-layer generated (e.g., application-layer) destination IDs, in order to support different communication cast types. Similarly, in order to identify the different types of positioning nodes/UEs involved, RAN2 is tasked to study whether existing SL UE ID management is sufficient or whether additional SL positioning ID management needs to be supported in the new positioning layer, e.g., to identify and differentiate between anchor UEs and server UEs by means of separate IDs. 
Proposal 7: RAN2 to further study whether existing/new SL ID management needs to be supported for SL positioning to support new UE-types such as anchor UEs and/or server UEs. 
Architecture
The Uu positioning architecture is primarily based on the involvement of the LMF and as such can only operate in in-coverage scenarios with a network deployment supporting an LMF. In the case of SL positioning, the use cases span across different vertical applications (e.g., V2X, Public Safety, IIoT and Commercial ranging), which have different requirements in terms of coverage scenario operation. The proposed SL positioning architecture should also support partial and out-of-coverage scenarios. This aspect was extensively studied during the RAN study captured in TR 38.845 , where the SL positioning framework should cater to all coverage scenarios.

Furthermore, due to the distributed nature of SL positioning there are multiple entities which may act as configuration and positioning calculation entities, e.g., RSU, gNB, target-UE, anchor-UE, positioning reference units, etc., which is different from the Uu operation where the LMF was responsible for both positioning configuration and positioning calculation. It is, therefore, important to consider the involvement of such entities within the SL positioning architecture.

SA2 has also further concluded that the LMF may be involved in the SL positioning procedures between a Target UE and Anchor UE, which may be a standalone extension of the LPP, SLPP or both. RAN2 has further agreed such aspects including whether or not to extend the existing protocols may be best considered during the normative work. Based on the LMF involvement, the UE may need to support both LPP and SLPP. This may be inherently limiting for UEs wishing to only perform ranging with respect to other UEs in the network, which only support SLPP.

Observation 2: For UEs wishing to only perform ranging in-coverage and without LPP capabilities, LMF involvement may be unnecessary.

Proposal 8: RAN2 to support both LMF-dependent (e.g., UEs supporting both LPP and SLPP) for in-coverage scenarios and partial coverage scenarios and LMF-independent (e.g., UEs only supporting SLPP) SL positioning architectures for all coverage scenarios including in-coverage, partial coverage and out-of-coverage.

Specifically, the partial coverage scenario can be further classified into two cases: 1) target UE is in coverage and at least one of the anchor UEs is out of coverage; 2) target UE is out of coverage and at least one of the anchor UEs is in coverage.
For case 1, the signalling and procedures to support positioning functionalities can partially reuse the design of in-coverage scenario except that LMF may get to the OOC anchor UEs via target UE if needed for LMF-dependent SL positioning architecture.  While for case 2, target and anchor UEs may perform SL positioning for both LMF-dependent and LMF-independent architectures. For LMF-independent architecture, the signalling and procedures can reuse the design of out-of-coverage scenario. For LMF-dependent architecture, we noticed that following use cases are noteworthy:
Network triggered positioning for OOC target UE: SA2 addresses the issue that network triggered positioning for OOC target UE. AMF initiates the location request to LMF with the information of IC candidate anchor UEs. LMF may request candidate anchor UEs to discover target UE and provide necessary information.
Anchor UE relocation initiated from SL positioning: Assuming that OOC target UE is performing standalone SL positioning, the IC anchor UE may be required to relocate itself via Uu positioning to eliminate the positioning error caused by the inaccurate position of anchor UEs when some positioning errors detected.
Limited UE capability on location estimate: The ability of OOC target UE is restricted and cannot support the position calculation or location estimate. It may request assistance from LMF via in coverage anchor UEs.
Considering above use cases show strong motivation to support the partial coverage scenario in which target UE is out of coverage and at least one of the anchor UEs is in coverage, it is suggested that RAN2 to discuss the signalling and procedures related to this.

Proposal 9: It is suggested that RAN2 to discuss the procedures and signalling design for partial coverage case in which a target UE is out-of-coverage and at least one of the anchor UEs is in coverage.

 SL Positioning UE Roles
SL Positioning Server UE
SA2 has clarified that the role of a SL Positioning Server UE is applicable for partial coverage and out-of-coverage scenarios and only in cases that a constrained UE is not able to support all the SL Positioning/Ranging features. In addition, such UEs may be discoverable and further selected for result calculation purposes only.
Based on the SA2 LS [8], the need for a SL Positioning Server UE is not so clear from RAN perspective, since it caters to only certain limited scenarios in SL positioning based on coverage situations and UE capabilities. It is assumed that a target UE and anchor UEs have sufficient capabilities to perform SL Positioning including, configuration, measurements and result calculation across all coverage scenarios. It is not clear why certain UEs may not be able to perform result calculation as this was supported in previous releases, i.e., UE-based positioning. In addition, the result calculation is usually up to implementation. The scope of introducing additional discovery and selection procedures may increase the complexity of the SL positioning framework. However, the aforementioned issues may be resolved if the SL Positioning Server UE may be integrated as part of the Anchor UE or Target-UE.
Proposal 10: RAN2 to consider support of “SL Positioning Server UE” as a functionality which is part of an Anchor UE or Target-UE.
SL Positioning Location Services and QoS Parameters 
The types of location services for SL positioning will impact the supported positioning models, i.e., how the SL UE-based or SL UE-assisted positioning is defined. Although, the types of locations services are to be specified by SA2, the corresponding service will directly impact the type of SL positioning models specified under different coverage scenarios.  The extent to which other network entities such as AMF and GMLC will impact each of the SL positioning location services need to be also further considered, especially in-coverage and partial coverage scenarios. RAN2 may confirm with SA2 on the supported location services for SL positioning including NI-LR, MT-LR, MO-LR, Immediate Location requests and Deferred location requests which can be re-used as in Uu positioning. Further discussion may be required on the applicability of these request types under different coverage scenarios, e.g., in-coverage, partial coverage and out-of-coverage.
Proposal 11: RAN2 to confirm with SA2 on the supported location services for SL positioning including NI-LR, MT-LR, MO-LR, Immediate Location requests and Deferred location requests can be re-used as in Uu positioning. FFS the applicability of these location service requests under different coverage scenarios.
SA2 has concluded that the 5GC authorizes and provisions the PQI to the UE with a mapping to the Ranging/SL positioning service when PC5-U is used as the SLPP transport layer. The assumption in this case is that the PC5 user plane architecture is used as the SLPP transport layer.
The positioning (LCS) QoS parameters, including accuracy and latency of direction and distance, may also be authorized and provisioned according to SA2. They further expect that the RAN WGs to evaluate if that's a correct understanding of the positioning QoS parameters.
From RAN2 perspective, the positioning QoS parameters may include and have already been communicated to SA2:
1) Horizontal/Vertical Absolute Positioning Accuracies, verticalCoordinateRequest (in meters) 
2) Horizontal/Vertical Relative Positioning Accuracies (in meters) 
3) Ranging for Distance Accuracy (in meters)
4) Ranging for Direction Accuracy (in degrees or radians)
5) Response Time for absolute/relative position and ranging
6) Velocity request. 

A remaining issue to await any RAN1-related input on the above QoS parameters, where a response LS was already sent during the RAN2#121 meeting [9].
SL Positioning Techniques
SL RAT-dependent Positioning techniques 
The potential SL positioning/ranging techniques should be able to support different scenarios, especially given that Anchor UEs (whose location may or may not be known), Target-UEs, and possibly SL Positioning Server UEs can be considered given the distributed nature of SL communications. The SL RAT-dependent positioning techniques to be supported may be summarized as follows:
· SL timing-based positioning methods 
· SL-TDoA 
· SL-RTT (including one-way and two-way RTT methods)
· SL angular-based positioning methods
· SL-AoA
· SL Location fingerprinting methods
· Exploiting RRM measurements such as SL RS RSRP/RSRQ measurements 

RAN1 has already agreed on a few supported SL positioning methods including SL-RTT, SL-AoA and SL-TDoA. Furthermore, measurements such as SL PRS RSRP, SL PRS RSRPP, SL RTOA, have been agreed during the RAN1#112 meeting [10]. The measurement configuration and reporting of such measurements may be signalled using the agreed functionality of SLPP Request Location Information and SLPP Provide Location Information.

Proposal 12: RAN2 to support the signalling design for the agreed RAN1 SL Positioning measurements including measurement configuration using SLPP Request Location Information and measurement reporting using SLPP Provide Location Information Reporting.
1.1.1 Hybrid Uu and SL Positioning
RAN2 has confirmed combination of Uu-and PC5-based positioning/hybrid Uu and PC5 based positioning is one of the supported operation scenarios. A typical scenario for hybrid positioning is shown in Figure 1, where a target-UE obtains measurements or transmits the reference signals for positioning on both Uu and PC5 interfaces.
[image: ]
[bookmark: _Ref127441465]Figure 1: A typical scenario for hybrid Uu and SL positioning


Hybrid Uu and SL positioning can be initiated from standalone Uu or sidelink (SL) positioning when current Uu or SL positioning is not possible or cannot satisfy the requirements of the positioning/location service. Further, the hybrid positioning may be initiated during any specific time in the process of current standalone Uu or sidelink positioning procedure. Specifically, when the signal quality of existing Uu/PC5 link is lower than a pre-defined threshold during a period of time, when the received location information reports indicates related failure cause, or when the position estimate results cannot satisfy the QoS of positioning service, the hybrid Uu and PC5-based positioning may be initiated to enhance the performance. Correspondingly, related signalling and protocol to support hybrid Uu and SL positioning are also suggested to be discussed. In addition, it would be also beneficial to understand the coordination between performing Uu and SL positioning measurements, given the potentially different measurement and processing behaviours for Uu and SL. However, further RAN1 input may be required on this aspect.

Proposal 13: Hybrid Uu and SL positioning can be initiated from standalone Uu positioning or standalone SL positioning when either Uu or SL positioning is not possible or cannot satisfy the positioning requirements/QoS. RAN1 feedback may be required for any measurement and processing impacts from hybrid Uu and SL positioning.
SL Positioning Configuration and Resource Allocation
General
In the context of the Uu positioning, the LMF is a key central entity coordinating the PRS/SRS resource configuration with the serving and neighbouring gNBs via the NRPPa interface, while in SL the gNB is responsible for the configuration and resource allocation of all SL UEs, while in-coverage. In order to avoid additional specification efforts, it is recommended that SL positioning resource allocation mechanism reuses many of the principles that already exist to enable SL communications.
Observation 3: For Uu positioning, the LMF coordinates the transmission configuration of PRS/SRS, while for in-coverage SL UEs, the gNB is the key configuration entity.
Configuration
The SL positioning configuration may comprise of all necessary parameters required to support a SL positioning/ranging session. This may include not only time-frequency resources or other physical-layer parameters, but also the type of configured positioning techniques, selected and configured anchor nodes, QoS information, and additional assistance information that may assist the configuration node with the SL positioning configuration Figure 2 is a general conceptual overview of the SL positioning configuration, measurement and reporting flow for SL positioning. 
[image: ]
[bookmark: _Ref115351030]Figure 2: SL positioning configuration, measurement and reporting flow for SL positioning
During the RAN1#112 meeting [10], the following aspects were agreed upon in relation to SL Positioning Resource allocation. 
	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



Therefore, it is recommended that RAN2 confirm some high-level principles regarding the resource configuration of UEs performing SL Positioning. Unlike Uu positioning, the LMF is not involved in resource coordination as already agreed by RAN1. Therefore tight coordination is required between SL positioning UEs and the gNB in the case of Mode 1 resource allocation. In general, different aspects regarding SL positioning configuration for one or more UEs via UE-specific signalling or broadcast signalling should be further discussed.

Proposal 14: RAN2 to further study the SLPP transmission of the SL positioning configuration depending on the type of configuration node and SL positioning mode (e.g., UE-based or UE-assisted), e.g., gNB, RSU/Anchor-UE, Target-UE by considering at least:
· UE-specific (via dedicated signalling) or common (via broadcast/groupcast signalling, e.g., SIB) SL positioning configurations.
· UE assistance information to assist the configuration node, e.g., gNB, LMF, UE in supporting SL positioning procedures.
Resource Allocation Mode 1 and Mode 2
It should be possible to extend the current Mode 1 and Mode 2 resource allocation modes in SL to configure SL PRS in all coverage scenarios, i.e., in-coverage, partial coverage and out-of-coverage as already agreed by RAN1. The following SL positioning resource allocation details were studied and concluded in TR 38.859 during the study phase [7]: 
	TR 38.859 SL PRS Resource Allocation Outcomes [7]
Regarding resource allocation for SL PRS, at least the following schemes are studied: 
-	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
                      - Applicable regardless of the network coverage 
-	Potential mechanisms, if needed, for SL PRS resource coordination across a number of transmitting UEs (e.g., Inter-UE Coordination (IUC)-like solutions) can be considered further during normative work. 
Regarding Scheme 1 SL PRS resource allocation, a transmitting UE receives a SL PRS resource allocation signaling from the network. One or both of the following options are considered further for the corresponding signaling:
-	Opt. 1: Through higher layers from the LMF
-	Opt. 2: Through dynamic grants, or via configurations of configured grant type 1 or type 2 from gNB.
Regarding Scheme 2 SL PRS resource allocation, at least the following aspects are studied:
-	Resource selection mechanism for SL PRS
-	Inter-UE coordination
-	Aspects for congestion control mechanisms for SL PRS.
For Scheme 2 SL PRS resource allocation, one or both of the following options may be supported during normative work:
-	Option 1: A sensing-based resource allocation
-	Option 2: A random resource selection
-	For either Option 1 or 2, the legacy designs for UE autonomous resource allocation should be used as a starting point and potential enhancements that may be needed may be considered during the normative work.


Mode 1 offers a centralized approach to configure SL PRS for in-coverage and partial coverage scenarios, while Mode 2 enables SL PRS configuration by UEs in out-of-coverage scenarios. 
According to this resource allocation mode, the gNB may configure the SL PRS resources in a centralised manner depending on the configured positioning technique. For techniques requiring relative position estimation amongst multiple pair of UEs (e.g., between an anchor node UE and target-UE), gNB-based resource coordination should be sufficient. The gNB may also coordinate SL PRS for multiple anchor node UEs when performing triangulation using timing-based methods such as SL-TDoA or angular-based position estimation, for the purposes of absolute location estimation. 
In addition, depending on the type of location request the gNB may configure one of the following:
· Dynamic grants for one shot SL positioning estimates (based on one shot SL PRS transmissions) (e.g., in the case of immediately triggered requests).
· Configured grant schemes in the case that periodic location requests are required, e.g., Type 1 and 2 CG grants (based on periodic SL PRS transmissions).

Proposal 15: RAN2 to further study the impacts of Mode 1 coordination & signalling of SL PRS resources for one or more UEs participating in a SL positioning session (e.g., one or more anchor UEs and a target-UE) in line with RAN1’s agreement. 
[bookmark: _Hlk110606779]Mode 2 is beneficial for scenarios not requiring network infrastructure, where the Initiator UE (UE starting/initiating the SL positioning session) may autonomously select and reserve resource for the purposes of SL positioning. This relies on a pre-configuration of resource pools within a UE. Given the distributed nature of this scheme, Mode 2 can ensure stability of SL PRS for a given period by selecting and reserving resources for SL PRS transmission. However, this may depend on the type of SL PRS configuration (e.g., bandwidth, number of symbols, etc.).  
The resource selection triggers may be different in the case of SL PRS when compared to the existing schemes for SL data (TB) transmission, where the selection is dependent on the generation of a new TB or a pre-emption mechanism depending on the SL traffic priority. Similarly, in the case of SL Positioning, the QoS may also have an impact on the resource selection mechanism in Mode 2. The sensing window should also be able to accommodate a SL PRS transmission based on the accuracy requirements of the SL positioning service request.
Proposal 16: RAN2 to further study Mode 2 coordination of SL PRS resources in line with RAN1’s agreement for one or more UEs participating in a SL positioning session e.g., one or more anchor UEs and a target-UE) including at least:
· The use of pre-configured resources in out-of-coverage scenarios.
· Initiator UE (e.g., target UE) indicates the SL-PRS resource to other UEs involved in SL Positioning (e.g., one or more anchor UEs) over sidelink.
SL Measurement and Reporting
SL positioning measurements can be performed by the target-UE in a similar fashion to the current Uu positioning framework. The target-UE is usually configured separately to report certain measurements based on the positioning method and can also be extended to the SL positioning framework. In the context of relative positioning, it can be expected that the SL positioning measurements may be performed either by the Initiating or Responding UEs, depending on the type of configured positioning methods, e.g., the two-way SL-RTT requires that both the Initiator and Responder UE perform the timestamp measurements for enhanced accuracy. 
It can be noted that depending on the scenario, one or multiple entities may have different responsibilities in terms of transmitting the SL positioning configuration, performing measurements, reporting (if required, e.g., UE-based methods would require optional reporting) and finally the position calculation. It can be further observed that the measurement node/entity may receive the SL-PRS transmissions and then performs the associated SL positioning measurements. 
Proposal 17: RAN2 to consider the supported signalling and procedures depending on which node/entity: 
1) Performs the SL positioning measurements and associated reporting (e.g., if needed for UE-based like positioning), e.g., RSU/Anchor-UE, Target-UE.
2) Performs the SL positioning calculation e.g., gNB, LMF, RSU/Anchor-UE, Target-UE.
NOTE: This has a dependency on the SL Positioning architecture as well as positioning modes (e.g., UE-assisted, UE-based). 
The SL Positioning framework should also be capable of supporting different types of reporting of both SL positioning measurements and absolute/relative location estimate. Table 1 shows the various reporting types depending on the reporting configuration.
[bookmark: _Ref101255069]Table 1: Types of SL Positioning Reporting
	SL Positioning Reporting Types
	Overview

	One-shot
	· The UE/device performing measurements may report to the positioning calculation entity in a one-shot manner to support immediate reporting.
· The UE (positioning calculation) entity may report the absolute/relative location estimate to the requesting node/network entity, e.g., UE, LMF, etc.

	Triggered
	· The UE/device performing measurements may report to the positioning calculation entity based on defined event-based criteria, e.g., based on a location change/cell change.
· The UE/device performing positioning calculation may report the location estimate to the requesting entity upon trigger of a configured event.

	Periodic
	· The UE/device may provide periodic positioning measurement or location estimate reports with the same time interval between two consecutive reports.


  
Proposal 18: Support different SL Positioning reporting types including one-shot, triggered and periodic reports. 
Conclusion
The following observations regarding potential SL positioning solutions have been noted as part of the discussion:
Observation 1: Anchor nodes with known locations such as UEs and RSUs can enable certain SL positioning techniques and in other cases improve positioning performance.
Observation 2: For UEs wishing to only perform ranging in-coverage and without LPP capabilities, LMF involvement may be unnecessary.
Observation 3: For Uu positioning, the LMF coordinates the transmission configuration of PRS/SRS, while for in-coverage SL UEs, the gNB is the key configuration entity.
The proposals relating to the SL Positioning framework are summarized as follows:
Proposal 1: RAN2 to support discovery procedures for at least anchor UE(s) and target-UE. FFS the AS layer impacts of discovery procedures including the type of discovery framework.
Proposal 2: RAN2 is recommended to support procedures related to anchor UE(s) including triggering, (re)selection, and configuration when performing sidelink positioning procedures. 
Proposal 3: Anchor UE selection radio-based criteria may be based on at least reported LOS/NLOS indication, reported SL measurements, e.g., SL PRS RSRP, coverage of anchor UEs, synchronization related information. FFS any further Anchor UE selection criteria. 
Proposal 4: RAN2 starts to work on SL positioning signalling and procedure for groupcast/broadcast, with consideration of the following use cases and aspects:
· One target UE and multiple anchor UEs in one group
· Multiple target UEs and one or multiple anchor UEs in one group
· Session-based or session-less procedure
· Security aspects under different coverage scenarios such as the exchange of ciphering keys, etc., may also require SA3 coordination 

Proposal 5: Support SL group positioning including performing SL positioning or ranging for distance/direction among SL positioning group members. 

Proposal 6: RAN2 to further discuss in which layer to support SL positioning Group management at the:
· Application Layer 
· SLPP Layer

Proposal 7: RAN2 to further study whether existing/new SL ID management needs to be supported for SL positioning to support new UE-types such as anchor UEs and/or server UEs.

Proposal 8: RAN2 to support both LMF-dependent (e.g., UEs supporting both LPP and SLPP) for in-coverage scenarios and partial coverage scenarios and LMF-independent (e.g., UEs only supporting SLPP) SL positioning architectures for all coverage scenarios including in-coverage, partial coverage and out-of-coverage.

Proposal 9: It is suggested that RAN2 to discuss the procedures and signalling design for partial coverage case in which a target UE is out-of-coverage and at least one of the anchor UEs is in coverage.

Proposal 10: RAN2 to consider support of “SL Positioning Server UE” as a functionality which is part of an Anchor UE or Target-UE.

Proposal 11: RAN2 to confirm with SA2 on the supported location services for SL positioning including NI-LR, MT-LR, MO-LR, Immediate Location requests and Deferred location requests can be re-used as in Uu positioning. FFS the applicability of these location service requests under different coverage scenarios.

Proposal 12: RAN2 to support the signalling design for the agreed RAN1 SL Positioning measurements including measurement configuration using SLPP Request Location Information and measurement reporting using SLPP Provide Location Information Reporting.

Proposal 13: Hybrid Uu and SL positioning can be initiated from standalone Uu positioning or standalone SL positioning when either Uu or SL positioning is not possible or cannot satisfy the positioning requirements/QoS. RAN1 feedback may be required for any measurement and processing impacts from hybrid Uu and SL positioning.

Proposal 14: RAN2 to further study the SLPP transmission of the SL positioning configuration depending on the type of configuration node and SL positioning mode (e.g., UE-based or UE-assisted), e.g., gNB, RSU/Anchor-UE, Target-UE by considering at least:
· UE-specific (via dedicated signalling) or common (via broadcast/groupcast signalling, e.g., SIB) SL positioning configurations.
· UE assistance information to assist the configuration node, e.g., gNB, LMF, UE in supporting SL positioning procedures.

Proposal 15: RAN2 to further study the impacts of Mode 1 coordination & signalling of SL PRS resources for one or more UEs participating in a SL positioning session (e.g., one or more anchor UEs and a target-UE) in line with RAN1’s agreement.

Proposal 16: RAN2 to further study Mode 2 coordination of SL PRS resources in line with RAN1’s agreement for one or more UEs participating in a SL positioning session e.g., one or more anchor UEs and a target-UE) including at least:
· The use of pre-configured resources in out-of-coverage scenarios.
· Initiator UE (e.g., target UE) indicates the SL-PRS resource to other UEs involved in SL Positioning (e.g., one or more anchor UEs) over sidelink.

Proposal 17: RAN2 to consider the supported signalling and procedures depending on which node/entity: 
1) Performs the SL positioning measurements and associated reporting (e.g., if needed for UE-based like positioning), e.g., RSU/Anchor-UE, Target-UE.
2) Performs the SL positioning calculation e.g., gNB, LMF, RSU/Anchor-UE, Target-UE.
NOTE: This has a dependency on the SL Positioning architecture as well as positioning modes (e.g., UE-assisted, UE-based).

Proposal 18: Support different SL Positioning reporting types including one-shot, triggered and periodic reports.
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