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1 Introduction
In this contribution, we discuss SLPP / LPP architecture and related signalling procedures for SL positioning. 

2 General SLPP / LPP Architecture
For the sake of clarity and brevity, we first summarize the main principles of a desirable LPP / SLPP architecture in this section, and discuss its individual aspects in more detail in the subsequent sections.

[bookmark: _Hlk142310730][bookmark: _Hlk142310712]In general, it is proposed to reuse the existing LPP design by adopting the messages for requesting and / or providing capabilities, assistance data and location information. The atomic transactions would be organized in the form of both one-way data indication and two-way data transfer as there will be need to implement both solicited and unsolicited data exchanges as explained subsequently.

Observation 1: LPP supports both one-way data indication and two-way data transfer for requesting and / or providing capabilities, assistance data and location information.

We also argue in subsequent sections that both indication and transfer procedures of any kind may be initiated by both the LMF and an SL UE, depending on the context and use case. To this end, it is proposed to support all indication / transfer procedures by both SL UEs and the LMF to ensure the required signalling flexibility. 

Unless there are some clear impacts discovered in the later stages of the RAN2 discussion, all UEs should generally support said procedures independently of their role in SL positioning (eg, anchor / target / server UE). 

Proposal 1 (see Fig. 1): Both SL positioning UE and LMF shall support the following procedures:
· discovery information indication / transfer based on “Request / Provide Discovery Information” messages
·                   capabilities indication / transfer based on “Request / Provide Capabilities” 			       messages
·            assistance data indication / transfer based on “Request / Provide Assistance Data” 	   	  messages
·    location information indication / transfer based on “Request / Provide Location Information”    messages

FFS if discovery information signalling shall be included in assistance data signalling.
FFS if UEs support some indication / transfer procedures selectively or as function of their UE role.





Fig. 1 – SLPP / LPP architecture overview (see Proposal 1). 

3 Capabilities Indication and Transfer
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 2: 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.

In case UE capabilities are not available at the AMF or have to be updated, SLPP/LPP messages have to be exchanged so that the LMF delivers (other) UE capabilities to a given UE, or obtains suc UE capabilities. More specifically, both the LMF and the UE should have the option to initiate capability-related communications by using either capability indication (Fig. 1a) or capability transfer (Fig. 1b) in order to cover all the following use cases:

Capabilities indication use cases (Fig. 1a)
· LMF unilaterally indicates to a UE (eg, target UE) capabilities of other UEs (eg, several candidate anchor UEs)
· UE (eg, target UE) unilaterally indicates to the LMF its own capabilities or capabilities of other UEs (eg, candidate anchor UEs)
· UE (eg, candidate anchor UE) unilaterally indicates to another UE (e.g., server UE) capabilities of other UE (eg, target UE)

Capabilities transfer use cases (Fig. 1b)
· LMF is requested by a UE (eg, by target UE) to provide capabilities of other UEs (eg, several candidate anchor UEs)
· UE (eg, target UE) is requested by the LMF to provide its own capabilities or capabilities of other UEs (eg, candidate anchor UEs)
· UE (eg, candidate anchor UE) is requested by a UE (e.g., server UE) to provide capabilities of other UE (eg, target UE)

Proposal 3: Capabilities indication and transfer signalling from Figs. 1a/b is used as baseline for further discussion.






Fig. 1a – Capabilities indication.







Fig. 1b – Capabilities transfer.

4 Discovery Information Indication and Transfer
[bookmark: _Hlk142309832]Discovery information indication and transfer signalling can be introduced to serve the purpose of delivering both (pre)-discovery assistance / configuration information and (post)-discovery reports.

From the logical functionality point of view, only the discovery procedures – unique to SL positioning – may motivate the introduction of suitable signalling for its management that has no clear equivalent in legacy LPP. For example, the LMF may want to indicate preferred / non-preferred UE list for the initial discovery at the session setup, or later on during the session course when updating anchor UEs under mobility.

However, this discovery-related signalling may be of stand-alone nature, or integrated with assistance data. The former option approaches UE discovery as an independent and well-defined signalling process deserving self-contained messages, while the latter option sees discovery management only as part of general positioning management for which the already established notion of assistance data should be sufficient.

Observation 3: Discovery assistance / configuration information may be delivered by using either stand-alone signalling, or as part of Assistance Data.

Discovery assistance or configuration information may consist of a simple request from the LMF / server UE for a UE to perform the discovery of other UEs (eg, when setting up a positioning session or when adding / replacing a new anchor UE). In addition, discovery information may indicate a list of preferred nodes for targeted discovery (eg, known roadside units) or conversely a list of undesirable nodes (eg, over-loaded / higher-priority / NLOS UEs). In a more complex setting, it may also be used to assist / configure UE (e.g. anchor UE) to advertise relevant information such as supported SL PRS bandwidth or positioning methods, as well as location information (possibly with added location uncertainty in sensitive cases). 

Discovery assistance or configuration information also includes discovery reports of discovery results, for example in the form of either a candidate discoveree list for further selection / confirmation (eg, by LMF in case of MT-LR), a list of discoverer UEs (e.g. provided by a candidate anchor to the LMF and/or to the server UE) or a final list of discovered UEs (eg, for method configuration at the LMF in case of MO-LR).

Proposal 4: UEs may request or be provided with discovery information including at least the list of (non)-preferred UEs. 

Similar to the capability-related exchange, both the LMF and SL UEs should have the option to initiate discovery-related communications by using either discovery information indication (Fig. 2a) or discovery information transfer (Fig. 2b) in order to cover all the following use cases:

Discovery information indication use cases (Fig. 2a):
· LMF unilaterally indicates to a UE (eg, target UE) discovery assistance information on other UEs (eg, existing anchor UEs for reuse) for further autonomous discovery and selection
· UE (eg, target UE, anchor UE) unilaterally indicates to the LMF its discovery results (eg, candidate / selected anchor UEs, other detected discoverer UEs )
· UE (eg, target UE, anchor UE) unilaterally indicates to other UE (eg server UE) its discovery results 

Discovery information transfer use cases (Fig. 2b):
· LMF is requested by a UE (eg, by target UE) to provide discovery assistance / configuration information (eg, known roadside units)
· UE (eg, target UE) is requested by the LMF (while given discovery assistance information) to perform discovery and provide results 
· UE (eg, target UE) is requested to perform discovery and provide results to other UE (eg server UE) in order to add / replace a new anchor UE
	
Proposal 5: Discovery Information indication and transfer signalling from Figs. 2a/b is used as baseline for further discussion.






Fig. 2a – Discovery Information indication.







Fig. 2b – Discovery Information transfer.


In positioning, multiple anchor UEs need to be selected from a potentially large candidate pool (eg, busy crossroad) without unnecessary delay.

Observation 4: Anchor / server UE discovery should be as selective and efficient as possible to reduce discovery and selection overhead and latency.

The design and purpose of the Request / Provide Discovery Information messages could be applied also to the SLPP metafield in the discovery message itself to enable information transfer on minimum required capabilities / parameters during the discovery process. 

Discovery filtering can be enabled by specifying minimum discovery constraints (eg, min. supported bandwidth). More specifically, in discovery Model A, the UE could specify in its discovery messaage few key parameters (eg supported bandwidth, approx. location information) or refer to a specific pre-defined capability profile characterized by a set of specific capabilities to direct the discovery process by the receiving UEs. 

Similarly, in Model B, 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. 

Proposal 6: SLPP metafield in discovery messages allows specifying minimum required parameters / capabilities. FFS if pre-defined capability “profiles” can be used for compact representation. 

Proposal 7: In Mode B discovery, no Discovery Response is sent if minimum required parameters / capabilities / profile specified in the Discovery Request are not supported. 

5 Assistance Data Indication and Transfer
[bookmark: _Hlk142631456]5.1 Signalling Architecture
Known already from Uu positioning, the first purpose of assistance data indication and transfer signalling is to describe SL PRS transmissions and their measurements as well as to assist positioning procedures with the purpose of localizing given target UE(s). 

Similar to the above signalling from Figs. 1 and 2, both the LMF and UEs should have the option to initiate communications related to assistance data by using either indication procedures (Fig. 3a) or transfer procedures (Fig. 3b) in order to cover all the following use cases:

Assistance Data indication use cases (Fig. 3a):
· LMF unilaterally indicates to a UE (eg, target / anchor UE) assistance data related to its own SL PRS tasks and / or those of other UEs
· UE (eg, target UE) unilaterally indicates to the LMF assistance data related to measurement processing (eg, errors and reconfiguration requests) or data related to session management (eg, (un)availability of an (existing) anchor, detection of anchor co-location, related measurements, etc.)
· UE (eg, server UE) unilaterally indicates assistance data to other UEs 

Assistance Data transfer use cases (Fig. 3b):
· LMF is requested by a UE (eg, by target UE) to provide assistance data (eg, extend validity time or switch between SL PRS delivery Options 1 and 2)
· UE (eg, target UE) is requested by the LMF to provide assistance data on measurement feedback (eg, detected configuration errors such as lower bandwidth or too weak SINR) and anchor-related events 
· UE (eg, target UE) is requested to provide assistance data to other UE (eg server UE)

Proposal 8: Assistance Data indication and transfer signalling from Figs. 3a/b is used as baseline for further discussion.







Fig. 3a – Assistance Data indication.







Fig. 3b – Assistance Data transfer.



5.2 Payload Structure

In particular, Assistance Data may consist of several distinct types of information:

· SL PRS transmission configuration – eg SL PRS bandwidth, SL PRS sequence generation parameter [image: Image], usage of SL PRS sequence generation Option 1 or 2, timing or time window within which SL PRS is to be transmitted, duration, (de)-activation events and constraints such as location, mobility or proximity of other UEs, delta-signalling information

· SL PRS measurement & reporting configuration – eg time-based or angle based measurements, SL PRS sequence generation parameter reference UE indication for OTDOA methods,

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

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




5.3 Session Management

A second usage of assistance data delivery could be session management in session-based positioning. By definition, assistance data specifies all transmission and measurement tasks of all associated UEs and so could be used to identify session members and other session characteristics such as session identifiers. 

The advantage of this approach would be the avoidance of yet additional signalling for session management involving eg “Add / Remove Member” and “Start / End Session” messages. Since sidelink positioning involves a multitude of UEs and mobility can make such environment highly dynamic, any exhaustive control signalling of such type among all session members would cause substantial overhead and latency. 

Observation 5: Dedicated control signalling for session management implies significant signalling overhead and latency as well as implementation complexity.

Instead, it is proposed to indicate the tasks and responsibilities of the positioning session members by means of sharing assistance data, which already contains all the necessary “control” information. 

Proposal 9: A positioning session is managed based on the distribution of Assistance Data and its updates to session members.

An important aspect of session management via assistance data is error handling. While SL PRS transmions can be by default time-limited and / or related to SCI-based triggers to prevent perpetual blind SL PRS transmissions in case all other session members accidentally leave the session (eg UE power down), a more complex procedure is needed for error events such as lack of expected SL PRS transmission. In this case, explicit error report and reconfiguration signalling is needed. 

Similarly, when a new session member joins, an update of assistance data reflecting the presence of this new member may be needed at all other UEs (eg in case of RTT methods). Then the corresponding signalling trigger must be defined.

Proposal 10: RAN2 to study mechanisms for session management via Assistance Data updates including error handling. FFS usage of timers.

Communications between the LMF and SL positioning UEs must occur independently of the transport protocol (SLPP or LPP) and coverage conditions (IC, OOC, partial coverage). Each UE may support multiple positioning processes in different roles. To this end, it is necessary to define mechanisms for identifying each positioning process and the associated data. In the LPP domain, the AMF routing ID uniquely identifies the positioning process. Its value can be used as session ID also in the SLPP domain. However, if an SLPP-specific identifier is used among some UEs in the SLPP domain, then the mapping to the LPP-specific routing ID must be maintained in these UEs.

Proposal 11: Each positioning process is uniquely identified at SLPP and / or LPP level whereby if these identifiers are different, a suitable mapping of SLPP and LPP identifiers is maintained at required UEs. FFS usage of routing / correlation ID as session ID.

[bookmark: _Hlk142234449]6 Location Information Indication and Transfer
[bookmark: _Hlk142234644]Location Information indication and transfer signalling serves the purpose of delivering information related to location estimates and their precursors, SL PRS measurements.

Like in all cases above, both the LMF and SL UEs should have the option to initiate communications related to location information exchange by using either indication procedures (Fig. 4a) or transfer procedures (Fig. 4b) in order to cover all the following use cases:

Location Information indication use cases (Fig. 4a):
· LMF unilaterally indicates a location estimate to a UE (eg, target UE) 
· UE (eg, target or located UE) unilaterally indicates its location estimate or measurements to the LMF 
· UE (eg, anchor UE) unilaterally indicates its location estimate or measurements  to other UE (eg server UE) 

Location Information transfer use cases (Fig. 4b):
· LMF is requested by a UE (eg, by target UE) to provide its location estimate 
· UE (eg, target UE) is requested by the LMF to provide its location estimate or measurements
· UE (eg, target UE) is requested to provide its location estimate or measurements to other UE (eg server UE)

Proposal 12: Location Information indication and transfer signalling from Figs. 4a/b is used as baseline for further discussion.






Fig. 4a – Location Information indication.







Fig. 4b – Location Information transfer.

In order to map location information to the right localization request, a suitable “session” identification mechanism must be in place as discussed above and used when delivering location information. In session-less positioning however, one may envisage that a self-positioning UE that is unable to provide to itself the server UE estimation capability (eg, with high accuracy), it is conceivable that the UE sends a once off request to the LMF or a server UE for processing SL PRS measurements and generating a location estimate. In this case, no specific session or data identifier is needed unless required at the sender UE (eg multiple such requests are made in parallel).

In [1], it is also 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 13: Server UE and LMF may exchange location information, e.g., to reuse already existing SL PRS measurements to position a target UE. FFS positioning method parameters and other data.

5 Conclusion
This document has made the following observations and proposals:
Observation 1: LPP supports both one-way data indication and two-way data transfer for requesting and / or providing capabilities, assistance data and location information.

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

Observation 3: Discovery assistance / configuration information may be delivered by using either stand-alone signalling, or as part of Assistance Data.

Observation 4: Anchor / server UE discovery should be as selective and efficient as possible to reduce discovery and selection overhead and latency.

Observation 5: Dedicated control signalling for session management implies significant signalling overhead and latency as well as implementation complexity.


Proposal 1 (see Fig. 1): Both SL positioning UE and LMF shall support the following procedures:
· discovery information indication / transfer based on “Request / Provide Discovery Information” messages
·                   capabilities indication / transfer based on “Request / Provide Capabilities” 			       messages
·            assistance data indication / transfer based on “Request / Provide Assistance Data” 	   	  messages
·    location information indication / transfer based on “Request / Provide Location Information”    messages

FFS if discovery information signalling shall be included in assistance data signalling.
FFS if UEs support some indication / transfer procedures selectively or as function of their UE role.

Proposal 2: 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 3: Capabilities indication and transfer signalling from Figs. 1a/b is used as baseline for further discussion.

Proposal 4: UEs may request or be provided with discovery information including at least the list of (non)-preferred UEs. 

Proposal 5: Discovery Information indication and transfer signalling from Figs. 2a/b is used as baseline for further discussion.

Proposal 6: SLPP metafield in discovery messages allows specifying minimum required parameters / capabilities. FFS if pre-defined capability “profiles” can be used for compact representation. 

Proposal 7: In Mode B discovery, no Discovery Response is sent if minimum required parameters / capabilities / profile specified in the Discovery Request are not supported. 

Proposal 8: Assistance Data indication and transfer signalling from Figs. 3a/b is used as baseline for further discussion.

Proposal 9: A positioning session is managed based on the distribution of Assistance Data and its updates to session members.

Proposal 10: RAN2 to study mechanisms for session management via Assistance Data updates including error handling. FFS usage of timers.

Proposal 11: Each positioning process is uniquely identified at SLPP and / or LPP level whereby if these identifiers are different, a suitable mapping of SLPP and LPP identifiers is maintained at required UEs. FFS usage of routing / correlation ID as session ID.

Proposal 12: Location Information indication and transfer signalling from Figs. 4a/b is used as baseline for further discussion.

Proposal 13: Server UE and LMF may exchange location information, e.g., to reuse already existing SL PRS measurements to position a target UE. FFS positioning method parameters and other data.
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