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1	Introduction
The following agreements were made in the last RAN2 #120 meeting in November 2022:
Agreements:
Proposal 2 (modified)	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.

Proposal 12	RAN2 to discuss the details of functionalities of LMF for supporting SL positioning in normative work.

Agreement:
Sidelink positioning supports a session-based concept in SLPP, in which signaling messages within a session can be associated with one another by the involved UEs.  The relationship to upper-layer designs from SA2 can be discussed during normative work.
FFS if there is also sessionless operation and what aspects of session-based operation would not be included.

Agreement:
At least in the case that positioning methods are supported that do not require a mutual exchange of SLPP messages associated with one another among UEs, SLPP sessionless operation can be supported.  FFS if sessionless operation can be operated with security.

Agreement:
From RAN2 perspective, if it is determined to support group positioning, it is feasible to perform at least ranging with the estimate calculation at multiple UEs.
2 Discussion
When a need for sideling positioning of a given UE is determined, a discovery phase will follow during which in-range anchor UEs must be detected and some of them selected to serve as anchor UEs for e.g. multi-lateration purposes.

The discovery process has two key objectives: 
· to discover sidelink UEs that are capable of serving as UE anchors or are already actively serving as anchor UE,
· to identify only those candidate anchor UEs for e.g. multi-lateration purposes whose usage would contribute to improving the achievable accuracy.

Anchor Discovery

Proximity Services (ProSe) define in TS 23.304 discovery procedures that are designed for sidelink purposes, i.e. for the detection of the presence of other SL UEs. In positioning however, candidate anchor UEs in suitable multi-lateration location (in case of absolute positioning) are to be discovered, not just nearby UEs. In other words, if legacy ProSe was to be reused for positioning, many sidelink UEs would be discovered for selection as anchor UEs, although likely only a fraction of them would be actually capable to serve as positioning anchors. 

Observation 1: Legacy ProSe discovery procedures for discovering nearby SL UEs cannot be reused as is for the discovery of anchor UEs suitable for multi-lateration purposes.

Proposal 1: For SL positioning purposes, the discovery solicitation message and/or the discovery (response) message indicates the anchor service provisioning status / capability of the discovering / discovered sidelink UE. 
FFS:
· the exact definition of what constitutes said anchor service provisioning and its status indication. 
· if this information is indicated in any procedure post discovery including capability exchange, as well as the associated triggers when applicable.

Furthermore, absolute positioning of a target UE requires only those anchor UEs whose absolute position within a given coordinate system is known. 

Proposal 2: The discovery solicitation message and/or the discovery (response) message includes information on whether the absolute location of a sidelink (anchor) UE is required to be known and / or is known (irrespective by which network node).
FFS if this information is indicated in any procedure post discovery including capability exchange, as well as the associated triggers when applicable. 

During the anchor UE discovery procedure, the information on neighboring UEs and their anchor services can be collected by the discovering UE and forwarded to the LMF (server UE), allowing the LMF to perform final anchor selection and positioning procedure. The discovering UE can also engage in an autonomous selection / (pre)-filtering of the discovery outcomes to identify a suitable subset of potential anchors for the LMF which then performs the final selection / confirmation.

A UE requiring absolute positioning would clearly select (or recommend) only such anchor UEs whose position is already known, in the least case to minimize positioning delay. Anchor activity may be also limited to certain time span so it would be preferable for ongoing UE positioning to select anchors with some guaranteed activity time. For example, it is desirable to avoid scenarios when a selected anchor becomes inactive shortly after its selection by a given target UE.

Proposal 3: Anchor UE activity time (including PRS transmission) and / or anchor location validity time may be indicated. 
FFS the most suitable indication mechanism including discovery procedure and capability information exchange. 

Anchor Selection

During anchor selection, it is further critical to select not only some anchor UE, but only anchors 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 said pre-existing active anchor. 

In general, anchor (re)selection / (de)activation is a key factor that influences the overall positioning quality (e.g. geometric dilution of precision - GDOP), 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.

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. 1 – Visualization of the contributing anchor identification problem. Given a set of pre-existing active anchor UEs for a given 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 the positioning procedure of the given target UE.

In other words, a candidate anchor shall be selected for a given target UE only by evaluating its contribution with respect to existing anchors.

Observation 2: To avoid the undesirable spatial correlation (including co-location) 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. 

In other words, a candidate anchor shall be selected for a given target UE only by evaluating its contribution with respect to existing anchors.

Proposal 4: Signal / channel measurements are used during anchor UE discovery and / or selection. 
FFS measurement definition and report delivery options to decision-making node.

Proposal 5: Anchor UEs are selected by considering signal strength / channel gain measurements or other similar measurements between at least two of the three types of network nodes: target UE, active anchor, candidate anchor. 
FFS if these can be obtained during discovery procedure or capability exchange.

Furthermore, anchor (re)selection can be source of significant delay, especially in larger topologies with multiple available anchors and under mobility. Because the anchor (re)selection may require:
1. Target UE initiating an anchor discovery message for finding the potential devices/nodes in the area that can be used as SL positioning anchors; 
1. Anchor UEs indicating their availability to serve as anchors as part of a response to the discovery message; 
1. 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 fast and efficient anchor selection is desired. 

Proposal 6: RAN2 to study procedures for UE anchor (re)-selection under the constraint of signaling overhead and latency minimization.

[bookmark: _Hlk126576055]To perform anchor (re)selection for a target UE, the LMF may need certain anchor discovery related measurements / information from the target UE so that it can (re)select suitable anchor UE(s) for the target UE. In this regard, LMF needs to configure the target UE to measure and report anchor discovery related measurements. 

It is noted that configuring the target UE to report the measurements on all the candidate anchor UEs to the LMF is not efficient since it introduces large signaling overhead over Uu interface. This is particularly of concern when there is frequent anchor reselection (which expected in SL positioning due to UE mobility) and when there are large number of candidate anchor UEs (e.g. in dense UE deployment scenarios). 

Hence, the configuration or assistance information from LMF may indicate target UE on the desired anchor UE and/or anchor UE to be replaced so that the target UE can identify and report measurements of only those candidate anchor UEs that may be of interest in anchor reselection (e.g. candidate anchor UEs that are likely to ensure GDOP performance when used as the anchor UE in place of the failed anchor UE).
   
Observation 4: For anchor (re)selection, target UE reporting measurements on all the candidate anchor UEs to the LMF is not efficient since it introduces large signaling overhead.

Proposal 7: Target UE is (pre-)configured to filter information acquired during anchor discovery procedures prior to its reporting to another node such as the LMF or server UE.

Furthermore, the following agreement is made in RAN1#110b-e.

	Agreement
With regards to SL-TDOA positioning method for SL-only positioning,
· It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e. DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
· Study the detailed procedure, necessary signaling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.



It is noted that TDOA based SL positioning solutions, the positioning accuracy highly depends on the synchronization precession between the selected anchor UEs. Hence, well synchronized  anchor UEs are required to support SL TDOA methods for meeting the accuracy requirements of SL positioning. In this regard, the anchor UE may need to provide sidelink synchronization related information e.g. anchor UEs synchronization source, co-synchronized other anchor UEs, synchronization level to the target UE or LMF in assisting anchor (re)selection.   

Observation 5: Well synchronized anchor UEs are required to support accurate SL TDOA-based SL positioning.

Proposal 8: For TDOA-based SL positioning, anchor UE provides sidelink synchronization information to other node(s) including target UE and LMF.

Anchor Utilization
From the point of view of resource management, it 	is of interest to reuse existing active anchor UEs. For example: 
· When responding to a new localization request, existing anchor UE can provide sufficient service which saves both time and resources. 
· A target UE engaging in session-less positioning (see our parallel Tdoc R2-2300586 on session-less/based positioning) may prefer to measure PRS from anchor UEs engaging in session-based positioning as these are likely to provide a more reliable service in the sense of service continuity. 
· Anchor UEs indicating that their location is known (to them and / or the LMF / server UE) can be efficiently reused for absolute positioning but can also be used for simple ranging or relative positioning. However, the converse case does not hold – anchor UEs of unknown location can be used only for ranging or relative positioning but not for absolute positioning.

To enable anchor reuse, low-latency positioning and efficient resource management, we extend our proposals on indicating the anchor service provisioning status / capability in the discovery phase also the subsequent phases:

[bookmark: _Hlk127384944]Proposal 9: RAN2 to discuss if 
· anchor service provisioning status / capability 
· the knowledge of absolute location of an anchor UE 
can also be indicated in any post-discovery procedure including capability exchange, as well as the associated triggers (when applicable).

In this context, broadcast may be efficiently used for addressing neighboring anchor UEs with a request to provide relevant information such as anchor service capability and location knowledge. 

However, only acceptable anchor UEs should respond to such requests For example, if the anchor UE estimates it has an NLOS channel to the target UE then it should not consider itself as a good candidate anchor for many use cases. It would be therefore of interest to have the possibility to configure (pre-)selection criteria for target / anchor UEs based on which the UE would determine to what requests it must (or may not) reply. 

Proposal 10: RAN2 to study conditions under which candidate anchor UEs must or may not respond to (discovery) signaling from other UEs, including the presence of NLOS conditions to other UE.


Anchor (Re)-Configuration
Considering the dynamic conditions over the sidelink between the anchor and target UEs, which are further impacted by mobility of the UEs, SL PRS transmissions may not be always received by the intended receivers. For example, in an urban vehicular scenario, SL PRS transmissions of a fixed anchor UE residing at an intersection can be only received by a target UE while it is traversing the intersection, and not after leaving the intersection, e.g., due to surrounding buildings at the intersection corners. 
In certain scenarios, as in this example, the link conditions between the anchor(s) and target UEs can be predictable or pre-known, e.g., due to available information on the environment topology or characteristics at the LMF. In these cases, in order to avoid unnecessary consumption of SL radio resources and to save power, it should be possible to (pre-)configure UEs to transmit and/or receive SL PRS only when the link conditions are (expected to be) satisfactory, e.g., when there is no blockage given the UEs’ trajectory, speed, etc.
Proposal 11: Anchor UEs should be (pre)-configured to transmit and / or receive SL PRS under pre-defined conditions, including conditions derived from location, time, and direction. 
In certain scenarios, however, the link conditions between the target and anchor UE may be rather unpredictable, which dynamically impact the quality of SL PRS measurements, hence the positioning QoS. In these cases, in order to adapt the SL PRS transmissions to the needs at the receiver side, SL PRS configuration (e.g., its bandwidth, periodicity, power, etc.) should be (re-)configurable - including suspension/resume of the transmission - based on the changing conditions. 
Proposal 12: SL PRS transmission parameters as well as their suspension / resume should be re-configurable depending on the dynamic link conditions between the anchor and target UEs.
Such conditions might be observable by the anchor UE transmitting SL PRS, or depending on the feedback it obtains from the target UE. 
Besides the link conditions between the UEs, SL PRS transmissions might be also (temporarily or permanently) interrupted due to changing conditions at the transmitter UE side, e.g., due to low battery, or higher priority traffic that is incoming, etc. In these cases, an early awareness of SL-PRS reception interruption at a target UE can enable the target UE to engage in sidelink positioning session interruption avoidance/minimization measures (e.g., anchor reselection before the current anchor fails). 
In this regard, an anchor UE can send (early-)interruption notification to the target UE on its inability to (continue to) support sidelink positioning to the target UE on certain or all SL-PRS resources. Also, another third target UE that experiences an interruption with an anchor UE can raise such awareness to the target UE in the same area. Whereas under network coverage, the anchor could notify the network about the changing link conditions and request reconfiguration of SL PRS.
Proposal 13: Anchor UE may indicate to a target UE the inability of the anchor UE to continue to serve as anchor UE for the target UE.
Proposal 14: RAN2 to study whether a target UE can indicate to another target UE on interruption in receiving SL PRS from an anchor UE.
Proposal 15: UEs may notify the network about conditions impacting successful reception and transmission of SL PRS, and request reconfiguration or suspension of SL PRS transmissions or switch to a new anchor to avoid / minimize the impact of interruptions with respect to give positioning QoS requirements.
A way to deal with the above problems could be to define a procedure that enables a soft handover of the anchor responsibilities from the current anchor to another anchor UE, without requiring the target UE to reconfigure the positioning session.   
Proposal 16: RAN2 to study enabling anchor UE to acquire the configurations of other anchor UEs for expediting the (re)-establishment of its positioning session.

3	Conclusion
This document has made the following observations and proposals:
Observation 1: Legacy ProSe discovery procedures for discovering nearby SL UEs cannot be reused as is for the discovery of anchor UEs suitable for multi-lateration purposes.

Observation 2: To avoid the undesirable spatial correlation (including co-location) 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 3: Operations a), b), c) are not optimized for use cases where fast and efficient anchor selection is desired. 

Observation 4: For anchor (re)selection, target UE reporting measurements on all the candidate anchor UEs to the LMF is not efficient since it introduces large signaling overhead.

Observation 5: Well synchronized anchor UEs are required to support accurate SL TDOA-based SL positioning.

Proposal 1: For SL positioning purposes, the discovery solicitation message and/or the discovery (response) message indicates the anchor service provisioning status / capability of the discovering / discovered sidelink UE. 
FFS:
· the exact definition of what constitutes said anchor service provisioning and its status indication. 
· if this information is indicated in any procedure post discovery including capability exchange, as well as the associated triggers when applicable.

Proposal 2: The discovery solicitation message and/or the discovery (response) message includes information on whether the absolute location of a sidelink (anchor) UE is required to be known and / or is known (irrespective by which network node).
FFS if this information is indicated in any procedure post discovery including capability exchange, as well as the associated triggers when applicable. 

Proposal 3: Anchor UE activity time (including PRS transmission) and / or anchor location validity time may be indicated. 
FFS the most suitable indication mechanism including discovery procedure and capability information exchange. 

Proposal 4: Signal / channel measurements are used during anchor UE discovery and / or selection. 
FFS measurement definition and report delivery options to decision-making node.

Proposal 5: Anchor UEs are selected by considering signal strength / channel gain measurements or other similar measurements between at least two of the three types of network nodes: target UE, active anchor, candidate anchor. 
FFS if these can be obtained during discovery procedure or capability exchange.

Proposal 6: RAN2 to study procedures for UE anchor (re)-selection under the constraint of signaling overhead and latency minimization.

Proposal 7: Target UE is (pre-)configured to filter information acquired during anchor discovery procedures prior to its reporting to another node such as the LMF or server UE.

Proposal 8: For TDOA-based SL positioning, anchor UE provides sidelink synchronization information to other node(s) including target UE and LMF.

Proposal 9: RAN2 to discuss if 
· anchor service provisioning status / capability 
· the knowledge of absolute location of an anchor UE 
can also be indicated in any post-discovery procedure including capability exchange, as well as the associated triggers (when applicable).

Proposal 10: RAN2 to study conditions under which candidate anchor UEs must or may not respond to (discovery) signaling from other UEs, including the presence of NLOS conditions to other UE.

Proposal 11: Anchor UEs should be (pre)-configured to transmit and / or receive SL PRS under pre-defined conditions, including conditions derived from location, time, and direction. 

Proposal 12: SL PRS transmission parameters as well as their suspension / resume should be re-configurable depending on the dynamic link conditions between the anchor and target UEs.
Proposal 13: Anchor UE may indicate to a target UE the inability of the anchor UE to continue to serve as anchor UE for the target UE.
Proposal 14: RAN2 to study whether a target UE can indicate to another target UE on interruption in receiving SL PRS from an anchor UE.
Proposal 15: UEs may notify the network about conditions impacting successful reception and transmission of SL PRS, and request reconfiguration or suspension of SL PRS transmissions or switch to a new anchor to avoid / minimize the impact of interruptions with respect to give positioning QoS requirements.
Proposal 16: RAN2 to study enabling anchor UE to acquire the configurations of other anchor UEs for expediting the (re)-establishment of its positioning session.
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