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1 Introduction
The following agreement was made in the RAN2 #120 meeting
Agreements:
RAN2 to confirm either of UEs including target UE and one or multiple anchor UEs may be OOC in partial coverage scenarios, but with at least one UE being in coverage. How to enable the procedures/signaling for supporting SL positioning in partial coverage will be further discussed in normative work.

and in the RAN2 #121 meeting

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.

Departing from these agreements, we discuss open questions in signalling procedures for SL positioning.

2 Signalling Procedures
Exemplary procedural call flows applicable to in-coverage, partial coverage and out-of-coverage SL positioning scenarios are described in the following sections in connection to Figs. 1 and 2. Black font and solid lines indicate mandatory steps while grey font and dashed lines represent optional steps.

All these call flows share the same key phases:
· trigger event,
· UE capability transfer,
· anchor UE discovery & selection,
· Assistance data provisioning,
· PRS measurement and reporting,
· location estimation and reporting.

The key difference consists in the controlling entity - LMF or server UE. The server UE functionality can be implemented in the target UE itself, or in another node, including possibly the anchor UEs. The LMF may act as the managing node of the SL positioning processes for in-coverage scenarios. In out-of-coverage scenarios, a server UE must assume the role of the LMF as the LMF is unreachable. Partial coverage aspects are discussed in more detail subsequently as there are multiple usage options.

In general (and with no loss of applicability of the proposed call flows), the LMF may also choose to delegate (even just partially) the control of a SL positioning process to the server UE. We discuss this option in more detail subsequently, together with the discussion of partial coverage scenarios. 

2.1 LMF-Assisted SL Positioning
[bookmark: _Hlk131512366]More specifically, Fig. 1 shows the signalling call flow for LMF-assisted SL positioning, applicable to both PC5-only and Uu+PC5 scenarios. 

The call flow is initiated with an appropriate trigger event. As per TR 23.700-86 and TS 23.586, the trigger includes ranging application, client UE, MO-LR and MT-LR. 

Regarding the choice of the control node managing the SL positioning process, the LMF represents a natural choice for in-coverage conditions. Its reuse would allow leveraging the legacy Uu concept and the associated LPP / NRPPa protocol suit while minimizing specification / implementation impacts of SL positioning. 

Proposal 1: For in-coverage scenarios, the LMF manages by default both PC5-only and hybrid Uu+PC5 sidelink positioning as in legacy Uu positioning.
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Fig. 1 – LMF-assisted SL positioning for in-coverage / partial coverage scenarios. 
[black font / solid lines indicate = mandatory steps, grey font / dashed lines = optional steps]

Once the positioning request is received by the LMF, 

1. LMF obtains the SL positioning capability information of the target UE. This can be done also by some candidate anchor UEs known to or preferred by the LMF. To this end, (S)LPP  Request / ProvideCapabilities messages can be used.

2. The LMF then proceeds with the search for suitable anchor UEs and selects positioning methods. The details of the anchor UE discovery and selection process are discussed in Section 4. Here only basic description of Fig. 1 is given:

a. Option 1: The LMF (preliminarily) determines the positioning method (e.g., selects the only method supported by the UE) and/or the anchor UEs (e.g., nearby RSUs known to the LMF), and only then triggers an anchor UE discovery. To this end, the target UE may be requested by LMF to discover and report only anchor UEs satisfying certain conditions (Anchor Discovery Request message). If all anchor UEs are known to LMF a priori, no Anchor Discovery Request message is sent, hence its optional nature.

b. Option 2: The LMF first triggers anchor UE discovery and only then selects the positioning method and anchor UEs. Also in this case, the target UE may be configured to pre-filter discovered anchor UEs prior to their report, e.g., based on collected AS information or anchor UE capability (see more details below).

The list of candidate anchor UEs reported to the LMF via the Anchor Discovery Response message may contain any relevant AS information and/or anchor UE capability information to facilitate the LMF selection process (see more details below). 

3. In addition to the information reported by the target UE, which can be limited or non-existent, LMF may request a full capability information from the anchor UEs. 

4. Then the LMF determines the positioning method as well as the anchor UEs. At this stage, the LMF may also decide whether to use session-based SL positioning.

In our parallel contribution R2-2302656, we describe that the main purpose of a positioning session is to ensure 
a. dedicated anchor UE service & PRS resource configuration,
b. mandatory commitment to timely signalling and error handling,
c. guaranteed service continuity & security,
although this may come at the cost of increased signaling overhead and latency.

On the other hand, session-less positioning would be based on lightweight but ad hoc interaction with neighbouring nodes (e.g., overhearing, broadcast) without any guarantees on service continuity, responsiveness to request messages and minimum achievable accuracy. For example, a session is configured for reliable positioning when methods requiring UE collaboration such as RTT are used. On the other hand, session-less positioning may be taken advantage of for ow-latency best-effort positioning reusing existing anchors while they are still active.

5. In the next step, assistance data is distributed from the LMF as well as session configuration parameters (such as the SL PRS transmission bandwidths) if applicable.   

6. Then, the actual SL PRS transmission, measurement and reporting is conducted. 

7. The location estimate is generated and reported by the LMF to the node that triggered the positioning process. 

8. Finally, the positioning session is terminated (if applicable) to release all dedicated resources, be it SL PRS or anchor UEs.

In relation to the above call flow, we also make the following proposal:

[bookmark: _Hlk131163973]Proposal 2: The following transactions between the UEs and / or LMF are supported in SL positioning
· [bookmark: _Hlk131165173]Request / ProvideCapabilities 				messages for exchange of UE capability information
· Request / ProvideAssistanceData 			messages for exchange of assistance data information
· Request / ProvideLocationInformation	messages for exchange of location measurements / estimates

2.2 Server UE-Assisted SL Positioning
In out-of-coverage scenarios, it is always necessary that the server UE substitutes the unreachable LMF. 

Fig. 2 shows the signalling call flow for server UE-assisted SL positioning. The logic of individual steps is similar to the case of Fig. 1 except that the LMF is substituted by the server UE. 

More specifically, Fig. 2a shows the case when target UE differs from the server UE while Fig. 2b shows the simplified signalling obtained when the server UE role is executed within the target UE itself.

Proposal 3: The target UE or one of the anchor UEs can simultaneously act as the SL positioning server UE.
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(a) Target UE and server UE are two different nodes. 				(b) Target UE acts as the server UE

Fig. 2 –Server UE-assisted SL positioning.
[black font / solid lines indicate = mandatory steps, grey font / dashed lines = optional steps]


Proposal 4: RAN2 to capture Figs. 1 and 2 in TS 38.355 as baseline signalling procedures for LMF-assisted and server UE-assisted SL positioning, respectively.

3 Partial Coverage Aspects
The applicability of the above signalling procedures to partial coverage scenarios requires distinguishing whether the target UE is in coverage or not.

The reason is that legacy LPP was designed for communications between the LMF and – in the sense of SL positioning terminology – the target UE, not anchor UEs. More specifically, an LPP session is to be used between the LMF and the target UE to obtain location related measurements or a location estimate or to transfer assistance data. Importantly, a single LPP session is used to support a single location request whereby the internal LPP signalling content is largely associated with employed positioning method.

Observation 1: In the sense of SL positioning terminology, LPP was designed for communications between the LMF and the target UEs, and cannot be readily used for supporting anchor UEs.

In the former case when the target UE is in coverage, the target UE can still use LPP to direct communicate with the LMF. Only out-of-coverage anchor UEs cannot reach the LMF directly. This drawback can be however compensated by the target UE. For example, the target UE can assist in the exchange of LPP / SLPP messages between the LMF and OOC anchor UEs.

Observation 2: In partial coverage scenarios, an in-coverage target UE can readily use LPP to communicate with the LMF as well as facilitate communications between OOC anchors and the LMF.

To this end, we make the following proposal:

Proposal 5: In partial coverage scenarios, in-coverage target UE can act as intermediary “relay” node for communications between the LMF and OOC anchor UE(s).

FFS whether IC anchor UEs can connect directly to the LMF or also use the IC target UE as intermediary.

However, when the target UE is out of coverage (no SL relaying is possible) and only one or more anchor UEs are in coverage, it is not immediately clear in view of Observation 1 how the communications between the LMF and target UE / OOC anchor UE(s) can be implemented as there are several options

Proposal 6: For partial coverage scenarios with out-of-coverage target UE, RAN2 selects from the following options: 
· deprioritize the study of partial coverage scenarios with OOC target UEs,
· study SLPP usage for direct LMF communications with IC anchor UEs, including support of OOC target UEs,
· study   LPP usage for direct LMF communications with IC anchor UEs, including support of OOC target UEs,
· study solutions based on NRPPa usage (potentially including LS to RAN3).

4 Anchor UE Discovery and Selection 
During anchor discovery and selection, it is critical to select not just some anchor UEs, but actually only anchor UEs that contribute to good or improved positioning accuracy. For example, if an anchor is already actively serving a given target UE, it is pointless from the GDOP perspective to select an additional anchor that is co-located with this already active anchor. 

To ensure that an anchor contributes to positioning accuracy, i.e. has a good GDOP, the anchor selection process should select anchors in sectors not covered by other active anchors serving the same UE.
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Fig. 3 – Visualization of the anchor selection problem. Given a set of active anchor UEs for a target UE (also including the case of no or few anchor UEs), new additional anchor UEs should be selected only if their usage would positively contribute to the performance of positioning the given target UE.


Theoretically optimal is only such a scheme that selects candidate anchor UEs for a given target UE only by evaluating the candidate anchor contribution with respect to the existing anchors. Selecting new / additional anchors independently (e.g., randomly) or only with respect to the target UE (e.g., anchors within a certain range) results in a suboptimal scheme characterized by significantly elevated anchor and resource usage.

Observation 3: To avoid the undesirable spatial correlation (including co-location and co-linearity) with already active anchors UEs for a given target UE, additional anchor UEs must be selected with respect to the channel and topological characteristics of said pre-existing anchor and target UEs. 

Existing Proximity Services (ProSe) specification TS 23.304 defines discovery procedures for sidelink purposes, i.e., for the detection of the presence of nearby SL UEs. In (absolute) positioning, however, candidate anchor UEs are selected based on their suitability for multi-lateration purposes. For example, co-located or co-linear UEs would be discovered by legacy ProSe as equally valid candidate anchor UEs but clearly unfit for well-performing triangulation purposes.

Observation 4: Legacy ProSe discovery procedures were designed for the discovery of nearby SL UEs and are unsuitable for efficient discovery of anchor UEs for multi-lateration purposes.

Consequently, under discovery Model A, candidate anchor UE should actively advertise their key capability and status in terms of serving SL positioning. This improves the efficiency of the anchor UE discover and selection process.
Proposal 7: RAN2 to specify AS / capability criteria to be used for (re-)selection of (candidate) anchor UE(s) in SL positioning, including 
· channel / signal strength w.r.t. other nodes such as target / server / (candidate) anchor UE 
· knowledge of its absolute location (irrespective of which network node has this knowledge)
· capability / status in providing anchor service (eg, anchor activity / validity time)
· capability to transmit / measure SL PRS 
· sidelink synchronization information

Proposal 8: RAN2 to study if AS layer / capability information 
· can be obtained during discovery procedure and/or capability exchange
· is at least partially reported to the server UE / LMF.

Under discovery Model B, unsuitable candidate anchor UEs may also choose not to respond to specific discovery requests (e.g., candidate anchor UEs with unknown location should not respond to discovery request for absolute positioning) as a proactive filtering mechanism. 
Proposal 9: RAN2 to study mandatory or optional conditions under which candidate anchor UEs may not respond to signaling (discovery) request from other UEs, including the presence of NLOS conditions to other UE.
To avoid complexities and overload resulting from extensive reporting of AS information / capabilities to the positioning server and the processing of this information for anchor UE selection purposes, the server node (i.e., LMF or server UE) could configure (pre-)filtration criteria and conditions at the targe UE to be applied during anchor discovery. 
Both signaling procedures from Figs. 1 and 2 for LMF-assisted and server UE-assisted positioning allow selecting
· positioning method with respect to the characteristics of the (candidate) anchor UEs 
(e.g., select time-based method for more distant anchor UEs)

· anchor UEs with respect to the characteristics of the (pre-selected) positioning method 
(e.g., select rather nearby anchor UEs to enhance the sensitivity of angular methods).

Proposal 10: Target UE may filter information acquired during anchor discovery procedures prior to its reporting to LMF or server UE.

Proposal 11: The LMF / server UE provides filtering criteria to target UE.

5 Server UE Discovery and Selection 
When the target UE is not capable or willing to perform any of the server UE functionalities, it has need to discover and select a server UE, especially in out-of-coverage scenarios. This search would be naturally based on the some form of capability information exchange with the nearby UEs, indicating the supported positioning methods, location estimate capability (in terms of distance, angle, absolute, and relative position), etc.

Proposal 12: The Request/Provide Capabilities message in SL Positioning may include an indication of capability of server UE functionalities such as support for calculating location estimates.

After selecting a suitable server UE, the target UE may notify other UEs involved in SL positioning, e.g., already selected anchor UEs, so that these anchor UEs report their positioning measurements to the server UE (and not to the target UE) for the calculation of the location estimate. Target UE can inform other UEs about the server UE it has selected by providing assistance data.

Proposal 13: Assistance data transfer in SL Positioning may include an indication of the selected server UE for location calculation, provided to anchor UEs, for them to report their measurements to the server UE.

4 Conclusion
This document has made the following observations and proposals:

Observation 1: In the sense of SL positioning terminology, LPP was designed for communications between the LMF and the target UEs, and cannot be readily used for supporting anchor UEs.

Observation 2: In partial coverage scenarios, an in-coverage target UE can readily use LPP to communicate with the LMF as well as facilitate communications between OOC anchors and the LMF.

Observation 3: To avoid the undesirable spatial correlation (including co-location and co-linearity) with already active anchors UEs for a given target UE, additional anchor UEs must be selected with respect to the channel and topological characteristics of said pre-existing anchor and target UEs. 

Observation 4: Legacy ProSe discovery procedures were designed for the discovery of nearby SL UEs and are unsuitable for efficient discovery of anchor UEs for multi-lateration purposes.


Proposal 1: For in-coverage scenarios, the LMF manages by default both PC5-only and hybrid Uu+PC5 sidelink positioning as in legacy Uu positioning.

Proposal 2: The following transactions between the UEs and / or LMF are supported in SL positioning
· Request / ProvideCapabilities 				messages for exchange of UE capability information
· Request / ProvideAssistanceData 			messages for exchange of assistance data information
· Request / ProvideLocationInformation	messages for exchange of location measurements / estimates

Proposal 3: The target UE or one of the anchor UEs can simultaneously act as the SL positioning server UE.

Proposal 4: RAN2 to capture Figs. 1 and 2 in TS 38.355 as baseline signalling procedures for LMF-assisted and server UE-assisted SL positioning, respectively.

Proposal 5: In partial coverage scenarios, in-coverage target UE can act as intermediary “relay” node for communications between the LMF and OOC anchor UE(s).

FFS whether IC anchor UEs can connect directly to the LMF or also use the IC target UE as intermediary.

Proposal 6: For partial coverage scenarios with out-of-coverage target UE, RAN2 selects from the following options: 
· deprioritize the study of partial coverage scenarios with OOC target UEs,
· study SLPP usage for direct LMF communications with IC anchor UEs, including support of OOC target UEs,
· study   LPP usage for direct LMF communications with IC anchor UEs, including support of OOC target UEs,
· study solutions based on NRPPa usage (potentially including LS to RAN3).

Proposal 7: RAN2 to specify AS / capability criteria to be used for (re-)selection of (candidate) anchor UE(s) in SL positioning, including 
· channel / signal strength w.r.t. other nodes such as target / server / (candidate) anchor UE 
· knowledge of its absolute location (irrespective of which network node has this knowledge)
· capability / status in providing anchor service (eg, anchor activity / validity time)
· capability to transmit / measure SL PRS 
· sidelink synchronization information

Proposal 8: RAN2 to study if AS layer / capability information 
· can be obtained during discovery procedure and/or capability exchange
· is at least partially reported to the server UE / LMF.

Proposal 9: RAN2 to study mandatory or optional conditions under which candidate anchor UEs may not respond to signaling (discovery) request from other UEs, including the presence of NLOS conditions to other UE.

Proposal 10: Target UE may filter information acquired during anchor discovery procedures prior to its reporting to LMF or server UE.

Proposal 11: The LMF / server UE provides filtering criteria to target UE.

Proposal 12: The Request/Provide Capabilities message in SL Positioning may include an indication of capability of server UE functionalities such as support for calculating location estimates.

Proposal 13: Assistance data transfer in SL Positioning may include an indication of the selected server UE for location calculation, provided to anchor UEs, for them to report their measurements to the server UE.
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