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1 Introduction
In this contribution, we discuss UE roles, and SLPP signalling procedures for SL positioning. 

2 UE Role Indication
Agreement RAN2#121:
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.

As per the above agreement, several functionalities have been defined for server UE, including method determination, location calculation, etc. However, having these functionalities distributed at multiple UEs (e.g., location calculation by one UE and method determination by another UE, which are different than the target UE) may increase the complexity of SL positioning procedures, as well as the signaling overhead. Further, such distribution would lead to additional limitations in terms of the coverage of the UEs with respect to each other. Therefore, in order to allow simpler procedures for SL positioning as well as reduce signaling overhead, Release 18 can assume that all the Server UE functionalities are either centred at a single UE, e.g., target UE, or shared between the target UE and at most one another UE.
Proposal 1: In Release 18, all server UE functionalities are either centred at a single UE (target UE or dedicated server UE), or shared between the target UE and at most one another UE. 
SA2 utilizes the terms Located UE and Reference UE, which are defined as follows in TS 23.586:
	Located UE: A SL Reference UE of which the location is known or is able to be known using Uu based positioning. A Located UE can be used to determine the location of a Target UE using Sidelink Positioning.
SL Reference UE: A UE, supporting positioning of target UE, e.g. by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc. using Sidelink.
NOTE 1:	SL Reference UE is understood as "Anchor UE" in RAN WGs.



In parallel, RAN2 has adopted the RAN1 term Anchor UE, as defined in TS 38.355 in the following:
	Anchor UE: A UE, supporting positioning of target UE, e.g. by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc. over the Sidelink interface.



As could be seen from above definitions, the Anchor UE term can cover both Located UE and SL Reference UE terms, and Located UE can be understood as a special case of Anchor UE, where its location is known. Therefore a “Located UE” can be identified during the discovery process if it indicates its role as “Anchor UE” together with an indication that its location is known. 
Observation 1: Located UE as per SA2 definition corresponds to an anchor UE with a known location, and can be identified by indication of availability of its known location information in the discovery messages transmitted by such UE.
Proposal 2: Anchor UE indicates in the discovery messages whether its location information is available. This indication is used to implicitly define a “Located UE” as per the SA2 definition.
Furthermore, for privacy reasons, the Located UE should be allowed to not share its exact location in the discovery message. In this regard, we should distinguish the procedure of anchor UE discovery from the procedure of absolute location calculation of target UE. Both such procedures require location information of the anchor UE, but for a different purpose: The discovery procedure is for selecting the anchor UE and a coarse (approximate) UE location information is sufficient; on the contrary, the calculation of the absolute location of target UE requires precise (exact) location of the anchor UE. As such, for the anchor UE should be able to share only the approximate location in the discovery procedure / discovery message. This can be done, for example, by intentionally adding a location uncertainty component to the actual location information, to protect its privacy. Subsequently, upon establishing the SL positioning session during the location calculation procedure, the anchor UE may share the precise (exact) location information.  
Proposal 3: Anchor UE may indicate only approximate location information in the discovery messages to protect UE location privacy. Subsequently, upon establishing the SL positioning session, it may share the actual location information.

3 Capability Information
Capabilities indication and transfer serve for exchange of information related to UE capability on SL positioning. 

In addition to inter-UE retrieval of UE capabilities on a one-to-one basis using unicast connections, there is also the need to support LMF to both push / pull capability reports to / from the AMF. More specifically, Section 4.3.7 of [1] specifies that 

· AMF stores UE Positioning Capability received from an LMF and send the UE Positioning Capability along with the received location request to an LMF, and

· LMF supports of receiving stored UE Positioning Capability from AMF and support of providing updated UE Positioning Capability to AMF.

Observation 2: AMF can store UE positioning capabilities with LMF support.

Proposal 4: LPP / SLPP signalling supports the storage of UE capabilities at the AMF via the LMF as well as their retrieval from the AMF and delivery to UEs.

4 Discovery Information
In Model B discovery, the discoverer UE could (dynamically) specify key parameters / capabilities and their minimum required values in the Discovery Request message, while the discoveree UE would respond with a Discovery Response message only if all or at least some criteria are met. This would avoid the waste of resources for discovery responses from anchor UEs that would anyway be unsuitable for the discoverer UE’s SL positioning session.
Proposal 5: In Model B discovery, no Discovery Response is sent if minimum required parameters are not specified in the Discovery Request. 
In UE-only operation, a server UE must be discovered and selected, in case the target UE cannot take up this role. To facilitate the selection of a suitable server UE that can support the QoS requirement of the location request, the discovery request can include information about the QoS requirements. Then, the discovery response of candidate server UEs and/or its content can be based on the received information about the QoS requirements. In addition, using the required QoS information, a candidate server UE that is already acting as server UE in another session can decide to reuse the existing session configuration, establishing a new session for the discoveree UE or adding it as an additional target to the existing session.
Proposal 6: The discovery request message contains information about the QoS requirements of the positioning request.
Discovery reports of discovery results may be provided to the LMF / server UE as discovery assistance data, so that they are used for further session configuration. The discoverer/target UE could provide to the LMF / server UE a list of candidate discovered UEs, which may be used by the LMF / server UE for further selection/confirmation. 
Proposal 7: Discoverer / target UEs can provide to the LMF information about discovered UEs in the discovery assistance data.
Further, an anchor UE may not continue serving an ongoing session anymore, for example, if its SL PRS transmissions becomes unfavorable (e.g., the link to target UE becomes NLOS) or if the anchor UE becomes unavailable (e.g., due to reduced battery power). Under these conditions, the anchor UE may transmit a discovery message to find new anchor UEs that can replace itself for the ongoing session, matching to desired conditions (e.g., supporting certain method). Upon response of new potential anchor UEs, the target UE may then select the one it finds most suitable.
Anchor UEs may also assist in the efficient establishment of a session for new target UEs by informing the server of a current session about discovery requests they have received. The server can then reuse the current session configuration to serve the new targets, either by establishing new sessions or incorporating them in existing ones, significantly reducing the signaling required for capability and assistance data exchange. This can be particularly useful in scenarios with groups of nearby UEs experiencing similar environments in terms of access to anchor UEs and server.
Proposal 8: Anchor UEs may inform server UE or LMF about discovered UEs and received discovery requests.
Assistance Data 
In particular, Assistance Data may consist of several distinct types of information:

· SL PRS transmission configuration – the configuration includes information on at least:
· SL PRS transmission characteristics: e.g., SL PRS bandwidth, SL PRS priority, etc.
· SL PRS sequence information: e.g., the SL PRS generation parameter [image: Image], usage of SL PRS sequence generation Option 1 (based on [image: Image]) or Option 2 (CRC-based), 
· SL PRS configuration when the transmission is triggered by lower layer signalling,  
· SL PRS transmission constraints: e.g., timing or time window within which SL PRS is to be transmitted, duration, etc., 
· SL PRS triggering/deactivation: e.g., triggering criteria such as location, mobility or proximity of other (anchor)UEs, observation of SL PRS resource conflict, etc.,  
· Delta-signalling information

· SL PRS measurement & reporting configuration – the configuration includes information on at least: 
· measurement type and info, e.g., RSTD measurement 
· SL PRS sequence information (generation parameter ) for SL PRS measurement
· reference UE information: reference UE indication for SL-TDOA method, reference UE selection criteria, etc.

· Auxiliary (control) information – e.g., detected measurement errors and mobility / QoS events, assistance information to the LMF / server UE related to GDOP and anchor quality, anchor / reference UE (re)-configuration, information on SL PRS parameters and transmission options, SL synchronization information, location information,

· Delivery information – e.g., identifiers permitting of the mapping of measurement reports to localization request (e.g., in the form of session / routing ID), destination node (e.g., LMF or server ID identity), next-hop relay node for OOC / partial coverage scenarios,

· Ciphering information – group / session-specific encryption keys.

Proposal 9: Assistance Data carries information on
· SL PRS transmission / measurement / reporting configuration,
· session control / ciphering 
 
Under dynamic SL conditions, transmission of SL PRS may not be always necessary. To make efficient use of SL resources, and enable power saving at the UEs, server may configure UEs transmitting SL PRS with conditions on activating or deactivating their (pre-)configured SL PRS transmissions. Such criteria may relate to a certain time frame, an area, a direction the UE is heading, as well as presence or proximity of nearby UEs that will benefit from the SL PRS transmission.

Proposal 10: SLPP Provide Assistance Data indicates criteria to activate / deactivate a given SL PRS (pre)-configuration, including time-based, space / direction / proximity-based, and event-based criteria.

Further, given the dynamic sidelink nature, establishing a new session as well as updating an ongoing one to match the QoS needs becomes a challenge, which requires availability of the anchors, optimization of SL PRS resources, etc. To efficiently establish or update a SL positioning session in terms of reduced signaling overhead and latency, a concept similar to the on-demand PRS in legacy positioning can be utilized, where UEs can exploit any (pre-)configured session information. For this, a server UE or LMF may share a list of possible session information, where each item in the list indicates a certain positioning method, number of anchor(s), SL PRS configurations, etc., associated with an ID.
In turn, to establish or update a session, a target UE may indicate requesting one of such session information, optionally with any difference (i.e., “delta”) it may require. As a simple example, the request may indicate a given session information (indicated with an ID) together with additional number of anchors and/or additional SL PRS bandwidth. In response, the server can setup/update a session by taking into account the indicated session ID as well as any additional requirements on top. Alternatively, the anchor UEs may also directly respond to the target UE’s request by transmitting/measuring SL PRS with desired characteristics as indicated by the target UE, which reduces further signaling exchange between the anchors and the server.
Proposal 11: Server UE or LMF may provide multiple SL PRS configurations via SLPP Assistance Data which can then be selected by UEs depending on their local conditions such as NLOS. 
With respect to SL PRS priority, RAN1 has reached the following agreement, leaving the determination of the priority value up to higher layer of Tx UE:

	Agreement RAN1#112
For the scheme 2 sensing-based resource allocation,  
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective. 




Further, RAN2 has reached the following agreements:

	Agreements:
Define 8 priority levels for SL-PRS priority, same as the number of priority levels for SL-SCH. Send a LS to RAN1 and SA2 on RAN2 agreement with the understanding that the SL-PRS priority levels are mapped from sidelink positioning/ranging QoS. (14/14)
The SL-PRS priority can be provided by the UE’s own high layer when it triggers the SL-PRS transmission. (14/14) The following issues are open and can be raised in the LS for RAN1 input:
	Whether the UE’s higher layer can provide SL-PRS priority for the SL-PRS triggered by peer UE
    Whether the peer UE triggers the SL-PRS transmission can provide the SL-PRS priority



It is therefore still open whether/how a Tx UE determines SL PRS priority since not all UEs in a positioning session might be aware of positioning/ranging QoS. For example, in SL-TDOA method, anchor UEs transmit SL PRS, where positioning QoS might be only known by the server, and not by any of the anchor UEs. Under such conditions, Tx UEs need to be informed about the positioning/ranging QoS, so that they could map it to corresponding SL PRS priority. Alternatively, they could be provided by priority of SL PRS that they will transmit. Therefore, Server UE or LMF can share positioning QoS or priority of SL PRS to transmitting UEs. Such signaling can be part of SLPP Provide Assistance Data.

Proposal 12: The priority of SL PRS to be transmitted by a UE in a positioning session is determined by server UE / LMF. The server UE indicates the positioning QoS or priority of SL PRS to UEs transmitting SL PRS via SLPP Provide Assistance Data. 

During the course of a SL positioning session, not only the target, but also the anchors may move, rendering an initially chosen set of anchors no longer suitable for providing the required QoS. A typical case is that anchor UE movement may result in anchor UEs being in close proximity and, hence, lead to a poor GDOP. Anchor UEs may quickly detect such events, by monitoring transmissions of other anchor UEs, and report them to the LMF / server UE in the form of auxiliary (control) information in assistance data, allowing the LMF / server UE to quickly react and update the session configuration, e.g. update the set of anchors, before a QoS degradation is observed. 
Proposal 13: Anchor UEs can provide assistance information to the LMF / server UE about its proximity to another anchor UE.

6 Measurement Data and Location Information
In [1], it is envisaged that the LMF may delegate a positioning session to a server UE. To this end, the Location Information procedures could be used to exchange past SL PRS measurements as well as the positioning method state (eg, past location estimates for tracking purposes and / or positioning model including parameters of the multi-lateration equations for future location estimation) to implement a session handover from (to) the LMF to (from) the server UE.

Proposal 14: Server UE and LMF may exchange location information, e.g., to reuse already existing SL PRS measurements to position a target UE.

Note that, it may be beneficial for a target UE to make use of SL PRSs from large number of anchor UEs. However, establishing and maintain SLPP session may be expensive in terms of latency, signaling overhead, etc. Hence, a UE should be allowed to exploit SL PRSs from other anchor UEs which are not currently in a positioning session with the UE and currently not sharing their location information with the UE. In this regard, when a UE identifies an anchor which may potentially be beneficial, e.g., high SL PRS reception quality observed at the lower layer, it should be possible for the UE to request location information associated with the SL PRS from either anchor UE either directly or via LMF or server UE.

	Agreements: RAN2#123bis
The configuration of SL-PRS resource pool to the UE shall follow the same principle as SL communication, i.e. rely on NW/gNB for in coverage and pre-configuration for out of coverage case.
The SL-PRS sequence ID can be provided to the TX UE by the LMF/Server UE (via SLPP signalling).  If the Tx UE does not receive a sequence ID via SLPP message from the server, the Tx UE is expected to select one by itself.  FFS exact SLPP signalling.
For absolute sidelink positioning, the locations of the anchor UEs are provided to the entity that does the location calculation.



The above agreement states that, in the case the target UE location calculation takes place at the target UE itself (case of UE-based positioning), the anchor UE provides to the target UE the anchor UE absolute location. It is thus natural to consider this information as part of the SLPP assistance data provided by anchor to target UE. 

Proposal 15: Support target UE to receive location information from an anchor UE via SLPP assistance data.

In this respect, it would be beneficial for the target UE to be able to directly request from the anchor UE the anchor UE’s absolute location information. In addition, and to minimize signalling, the target UE should be able to request location information not necessarily from the anchor UE itself but from the LMF or the server UE. The reason is that the (absolute) anchor UE location may already be available at the LMF or server UE (e.g., from another prior or parallel SL positioning session), hence it can be easily embedded in the assistance data message.

Proposal 16: Support target UE to request for location information from the anchor UE. The request may be sent to anchor UE, LMF or server UE. 

Furthermore, an anchor UE may not necessarily be triggered by the target UE to provide such location information, but instead triggered by LMF or server UE. That would be particularly beneficial in cases where the location request is instigated by the network (MT-LR) while the location calculation is done at the target UE (UE-based positioning).

Proposal 17: Support LMF or server UE to trigger an anchor UE to provide location information to a target UE.

5 Conclusion
This document has made the following observations and proposals:
Observation 1: Located UE as per SA2 definition corresponds to an anchor UE with a known location, and can be identified by indication of availability of its known location information in the discovery messages transmitted by such UE.
Observation 2: AMF can store UE positioning capabilities with LMF support.

Proposal 1: In Release 18, all server UE functionalities are either centred at a single UE (target UE or dedicated server UE), or shared between the target UE and at most one another UE. 
Proposal 2: Anchor UE indicates in the discovery messages whether its location information is available. This indication is used to implicitly define a “Located UE” as per the SA2 definition.
Proposal 3: Anchor UE may indicate only approximate location information in the discovery messages to protect UE location privacy. Subsequently, upon establishing the SL positioning session, it may share the actual location information.
Proposal 4: LPP / SLPP signalling supports the storage of UE capabilities at the AMF via the LMF as well as their retrieval from the AMF and delivery to UEs.

Proposal 5: In Model B discovery, no Discovery Response is sent if minimum required parameters are not specified in the Discovery Request. 
Proposal 6: The discovery request message contains information about the QoS requirements of the positioning request.
Proposal 7: Discoverer / target UEs can provide to the LMF information about discovered UEs in the discovery assistance data.
Proposal 8: Anchor UEs may inform server UE or LMF about discovered UEs and received discovery requests.
Proposal 9: Assistance Data carries information on
· SL PRS transmission / measurement / reporting configuration,
· session control / ciphering 

Proposal 10: SLPP Provide Assistance Data indicates criteria to activate / deactivate a given SL PRS (pre)-configuration, including time-based, space / direction / proximity-based, and event-based criteria.

Proposal 11: Server UE or LMF may provide multiple SL PRS configurations via SLPP Assistance Data which can then be selected by UEs depending on their local conditions such as NLOS. 
Proposal 12: The priority of SL PRS to be transmitted by a UE in a positioning session is determined by server UE / LMF. The server UE indicates the positioning QoS or priority of SL PRS to UEs transmitting SL PRS via SLPP Provide Assistance Data. 

Proposal 13: Anchor UEs can provide assistance information to the LMF / server UE about its proximity to another anchor UE.

Proposal 14: Server UE and LMF may exchange location information, e.g., to reuse already existing SL PRS measurements to position a target UE.

Proposal 15: Support target UE to receive location information from an anchor UE via SLPP assistance data.

Proposal 16: Support target UE to request for location information from the anchor UE. The request may be sent to anchor UE, LMF or server UE. 

Proposal 17: Support LMF or server UE to trigger an anchor UE to provide location information to a target UE.
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