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1	Introduction
This document addresses protocol aspects of sidelink positioning that are within the scope of the Rel-18 sidelink positioning objective [1]. In particular, we discuss how to support sidelink positioning in different scenarios and present our views.
[1]  "RP-221814, Revised SID on Study on expanded and improved NR positioning".

2	Protocol aspects
In #119, RAN2 agreed to introduce a new protocol for sidelink positioning that will be referred to as SLPP in this document. 

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).

At the same time, there was an agreement to extend the LPP to support sidelink positioning procedures with respect to the coordinating LMF. The extended LPP will be referred to as eLPP in this document.

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.

When studying the architecture and signalling procedures, both PC5-only positioning and hybrid Uu+PC5 positioning must be jointly considered. A positioning session can make use of both gNB TRPs and SL anchor UEs within one positioning session and combine them in an arbitrary fashion.
Observation 1: A positioning session make use of both gNB TRPs and SL anchor UEs. 
Consequently, assuming sufficiently capable UEs, any protocol solution for sidelink positioning must be designed to seamlessly support Uu-only, PC5-only, and hybrid Uu+PC5 positioning without any (complex) dependencies on the involved radio interface type. In Uu-based positioning, the LPP will remain the primary means for communications between the target UE and the LMF. The central role of LPP will remain even when an SL anchor UE is added to (or removed from) the positioning process, ie during the transition between Uu-only positioning and Uu+PC5 positioning. 
Observation 2: LPP plays central role in Uu positioning session management while SLPP should only complement LPP to enable SL positioning functionality.
When transitioning from Uu-assisted positioning to PC5-only positioning however, it will be the SLPP supporting all the communications between two SL UEs of any type (or multiple such UEs in case group/broadcast schemes). Multiple sidelink UE types exist. Presently, the notion of target UE and anchor UE was adopted in RAN2. SA2 also introduced the notion of a server UE that could perform localization computations similarly to the LMF. PRU-type “reference” UE may be adopted to enhanced positioning purposes, for example for carrier-phase positioning purposes.
To achieve a unified protocol design of minimal complexity that is capable to seamlessly operate under any combination of radio interfaces, it is first proposed to restrict the SLPP to the PC5 interface to solely support communications in the sidelink stratum.
Proposal 1: SLPP is to be used solely over the PC5 interface between two sidelink UEs (or, in case of group/broadcast, multiple UEs) capable of sidelink positioning.
The idea is that SLPP manages the sidelink aspects of a positioning session (i.e., all communications under PC5-only positioning, or the PC5 portion of Uu+PC5 positioning) while eLPP (i.e., LPP extended to support positioning with SL anchors) will keep control of the Uu aspects as in previous releases. 
Proposal 2: The extended LPP (eLPP) to be used solely between SL-positioning-capable UEs and LMF.
The proposal formulation assumes twofold usage of eLPP. Firstly, a target UE would communicate with the LMF via eLPP whereby the LPP extensions would permit an (indirect) information exchange between the sidelink stratum and the LMF. Secondly, sidelink anchors can also communicate directly with the LMF if it supports eLPP. In either case, Uu coverage as well as relay-base Uu connectivity can be assumed.
To simplify implementation, it is however proposed that eLPP extensions are transparent to UE that do not support sidelink positioning. By transparent is meant the fact that there are no impacts on such UEs from eLPP side. In terms of implementation, encapsulation or non-mandatory protocol options (e.g., optional fields) can be used.
Proposal 3: UEs that are capable of Uu positioning based on LPP but are incapable of SL positioning based on eLPP are not significantly impacted by the eLPP extensions of LPP. 
In this regard, each UE should indicate support for a specific protocol, eg during capability information exchange.
Proposal 4: Sidelink UEs indicate capability to support SL positioning. FFS if support for SLPP and / or eLPP is indicated.

3	Coverage aspects
The idea of combining PC5 and Uu positioning is closely related also to the question of positioning under partial coverage, i.e., in a scenario in which some UEs are in coverage and others out of coverage. This question was agreed to be studied further:
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.

In this contribution, by in-coverage positioning it is meant the scenario in which the target UE is directly reachable by the LMF via Uu, including also relay-based connectivity. Anchor sidelink UE can be both in coverage (positioning in full coverage) or out of coverage (partial coverage positioning). If both target and all anchor UEs are out of coverage, then the scenarios involve out-of-coverage positioning. 
Proposal 5: For SL positioning where location estimate calculation is carried out at the LMF (UE-assisted positioning), 
· out-of-coverage positioning occurs when the target UE is out-of-coverage, irrespective of the coverage conditions of the anchor UE(s),
· partial coverage scenario occurs when the target UE is in coverage and at least one anchor UE is out of coverage,
· in-coverage positioning occurs when the target UE is in coverage and all anchor UEs are in coverage as well (including case with zero anchor UEs).
For completeness`, we add the following clarification:
Proposal 6: Positioning involving sidelink UEs under partial / in-coverage conditions is supported based on the same eLPP extensions, irrespective of whether the location estimate calculation is carried out at the LMF or at UE.

4	Procedure aspects
Anchor (re)selection / (de)activation is a key factor that influences the overall positioning quality (e.g., geometric dilution of precision - GDOP) and which may lead to random interruptions of an ongoing positioning session. Proper anchor UE (re)selection would lead to increased performance as opposed to a random anchor UE selection, but at the same time it can be source of significant delay, especially in larger topologies with multiple available anchors and under mobility. 
Proposal 7: Study procedures for UE anchor (re)selection, considering the impact on signalling overhead, and latency.
As highlighted above, the selection of anchors, a necessary step in establishing the SL positioning session, is expected to be a high latency-prone process partly due to the following operations which need to be completed:
a) Target UE initiating an anchor discovery message for finding the potential devices/nodes in the area that can be used as SL positioning anchors; 
b) Anchor UEs indicating their availability to serve as anchors as part of a response to the discovery message; 
c) Target UE and anchor UEs coordinating on the resources utilized for SL positioning purposes.
Observation 3: Operations a), b), c) are not optimized for use cases where a quick setting up of a positioning session is required. 
For example, in vehicular and/or automated guided vehicles (AGV) applications, a SL positioning session should be established as quickly as possible to ensure minimal latency between the time the coordinates of a target UE are requested until the time the coordinates are received at the requesting entity (e.g., the target UE in case of a mobile-originated location request – MO-LR). To cope with the above limitations, a way forward could be that the target UE inherits (partly or totally) configurations pertaining to the positioning session of another target, where the inheritance of configurations refer to, e.g., re-using the same set of anchors/PRS and/or acquire the same type of positioning measurements.
Proposal 8: Study solutions that allows devices to establish SL positioning sessions in a “fast track” mode, where the time spent on the initialization phase of the positioning session are minimized compared to the standard setup procedure.
5	Conclusion
This document has made the following observations and proposals:
Observation 1: A positioning session make use of both gNB TRPs and SL anchor UEs. 
Observation 2: LPP plays central role in Uu positioning session management while SLPP should only complement LPP to enable SL positioning functionality.
Observation 3: Operations a), b), c) are not optimized for use cases where a quick setting up of a positioning session is required. 

Proposal 1: SLPP is to be used solely over the PC5 interface between two sidelink UEs (or, in case of group/broadcast, multiple UEs) capable of sidelink positioning.
Proposal 2: The extended LPP (eLPP) to be used solely between SL-positioning-capable UEs and LMF.
Proposal 3: UEs that are capable of Uu positioning based on LPP but are incapable of SL positioning based on eLPP are not significantly impacted by the eLPP extensions of LPP. 
Proposal 4: Sidelink UEs indicate capability to support SL positioning. FFS if support for SLPP and / or eLPP is indicated.
Proposal 5: For SL positioning where location estimate calculation is carried out at the LMF (UE-assisted positioning), 
· out-of-coverage positioning occurs when the target UE is out-of-coverage, irrespective of the coverage conditions of the anchor UE(s),
· partial coverage scenario occurs when the target UE is in coverage and at least one anchor UE is out of coverage,
· in-coverage positioning occurs when the target UE is in coverage and all anchor UEs are in coverage as well (including case with zero anchor UEs).
Proposal 6: Positioning involving sidelink UEs under partial / in-coverage conditions is supported based on the same eLPP extensions, irrespective of whether the location estimate calculation is carried out at the LMF or at UE.
Proposal 7: Study procedures for UE anchor (re)selection, considering the impact on signalling overhead, and latency.
Proposal 8: Study solutions that allows devices to establish SL positioning sessions in a “fast track” mode, where the time spent on the initialization phase of the positioning session are minimized compared to the standard setup procedure.
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