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1. Introduction
During RAN2#122, It was agreed that Anchor UE selection could be assisted by certain information about the candidate Anchor UEs:

Agreements:

Anchor UE selection is supported by information about the candidate anchor UEs.  At least the following list can be discussed for use in anchor UE selection:

1.
UE roles

2.
Supported positioning method

3.
In coverage or not

4.
RSRP

5.
LOS/NLOS

6.
Location

7.
PLMN

A normative requirement on which anchor UEs to select (e.g., ranking) will not be specified.

RAN2 impact of this information to be determined.

FFS which information would be determined statically/dynamically.

Subsequent discussion has yet to reach a firm conclusion,

Item 6 suggests that an important consideration for being able to perform SL positioning is whether an Anchor UE has a known location or not. This is not necessarily a question with a straightforward answer. In this contribution, we consider the impact of the stability and accuracy of the Anchor UE’s absolute location and the location privacy requirements of the Anchor UE.
2. Discussion
2.1 Anchor UE as Located UE

Regarding item 1 in the above list “UE roles”, it has been agreed in SA2 that the supported roles need to be included in discovery messages (for 5G ProSe capable UE) and unicast link establishment messages (for V2X capable UE) as RSPP specific meta data, whereby a distinction can be made between an Anchor UE for which an absolute location may not be known (i.e., SL Reference UE) and an Anchor UE for which an absolute location is known (i.e. Located UE). 
However, whether or not the location of the Anchor UE is known is not fixed and may change over time, and hence the indicated role may change. Furthermore, the location itself may be unstable and change rapidly if the Anchor UE is moving around. Also, the location of the Anchor UE may not be sufficiently accurate. Hence it could be better to select an Anchor UE that has a more accurate and more stable location. And finally, as indicated by the Editor’s Note in clause 5.2.2 of TS 23.586, also privacy aspects may play a role. These aspects are analyzed in more detail in the subsequent sections and solutions are proposed how to address the related issues.
2.2 Stability and accuracy of Anchor UE’s absolute location

The assumption that an Anchor UE’s absolute location is stable and sufficiently accurate may often not hold in practice. For example:

· Whereas legacy base stations typically have a fixed position, an Anchor UE is likely to be mobile. This leads to several issues that need to be resolved. For example, the Anchor UE may move quite fast or shake too much, leading to an unstable location. 

· If the anchor UE is mobile, then measurements of its absolute location will age. If out-of-date or ‘stale’ anchor UE absolute locations are used to calculate a target UE location, the result will be inaccurate.
· Currently no requirements exist on how accurate the location of an Anchor UE needs to be. In particular, if the Anchor UE does not support GNSS and depends on Uu based positioning, the Anchor UE’s location and hence also the calculated location of the Target UE may deviate quite a bit from its actual location. This may lead to undesired side effects given that various sidelink positioning use case require accurate location estimations.

· Even if an Anchor UE includes a GNSS module in order to get a position fix, it may get out of coverage of the GNSS satellite network (e.g., move into a tunnel or into a building). Hence, whether or not an Anchor UE can determine its position depends on the current situation of the Anchor UE, which may change dynamically.
Observation 1: An Anchor UE’s location may be unstable or insufficiently accurate, e.g., because Anchor UE is moving or GNSS is (temporarily) unavailable.
If the Anchor UE’s location is too unstable or temporarily unavailable, then the role of the Anchor UE may change. In such case the Anchor UE should not announce itself (anymore) as a “Located UE” but may still announce itself as a “Reference UE”. Furthermore, the role may possibly even change during a sidelink positioning procedure, and hence a mechanism to indicate a role change may be needed.

Observation 2: An Anchor UE’s role of being Located UE is not fixed and may change over time (possibly even during a sidelink positioning procedure).
Given the above observations, RAN2 should define criteria or allow the network to configure criteria by which it can be determined whether or not the Anchor UE’s location is sufficiently stable and/or sufficiently accurate to be used for SL positioning. Such criteria can be used by Anchor UE to decide whether or not it should announce itself as a “Located UE” or as a “SL Reference UE” (as per the SA2 definitions), rather than leaving this only to implementation (because in that case the role of being “Located UE” is not clear and may also not meet application requirements). 
Possible criteria/conditions to include:

· The  methods/capabilities used to determine the UE’s location and/or the accuracy of such method/capability. 

· The time since the most recent position fix (and frequency of updates)
· The expected uncertainty of the most recent position fix

· The expected validity time of the most recent position fix

· The movement of the Anchor UE,

· Whether or not the UE is in coverage of a base station,
A UE that is outdoors may derive a position fix via GNSS with a certain degree of precision. A UE that is indoors may need to use another method of determining its position, which will have its own limitations on accuracy and precision.

As well as the uncertainties inherent in an initial position fix, a position fix can age because of the possible motion or movement of the Anchor. Movement may be determined directly by means of dead reckoning techniques or indirectly by means of successive position fixes. In general, the area or volume of uncertainty around an Anchor UE’s location will tend to increase with time. This may be in a systematic manner if, for example, the UE moves with a small or constant velocity or randomly if, for example, measured location fluctuates within a limited area.

For the purposes of sidelink positioning, we might declare a UE’s location to be sufficiently stable if the location uncertainty can be constrained to a specified limit for the likely duration of a sidelink positioning operation.

Proposal 1: RAN2 should define criteria or allow the network to configure criteria by which the Anchor UE can determine if its location is sufficiently stable and/or sufficiently accurate to announce itself as “Located UE”.
2.3 Extension of discovery and capability mechanisms for SLPP/RSPP

RAN2 has discussed the inclusion of metadata information in Discovery Response messages. A candidate piece of information would be the location status of the Anchor UE. Thus, if the Anchor UE determines based on the criteria supplied to it that its location is sufficiently stable, it can include in a Discovery Response message an indication that it is a Located UE.
Proposal 2: An Anchor UE that determines that its location is sufficiently stable may include in a Discovery Response message an indication that it is a Located UE.

Since the assessment of location stability is made according general criteria that might be supplied by the network for general purposes, it might be that a Target UE has stricter requirements. In this case, while a Located UE indication helps to weed out Anchors that are not suitable, the Target may require more detailed information. Other information that could be relevant for a Target UE in this context could be derived from the list in 2.2 and might include location uncertainty, location refresh time and an (average) location validity time. 

All such information should be available via capabilities exchange whether it is available via Discovery or not. This includes the Located UE status indication, since the absence of such an indication does not necessarily imply that the Anchor is not a Located UE (but e.g. with a lower accuracy).
Proposal 3: To aid down-selection of Anchor UEs, auxiliary information available via capabilities exchange should include Located UE status and information on location status, such as location accuracy, location refresh time, an (average) location validity time.

A disadvantage of capabilities exchange is that the need to do this separately for each Anchor UE  adds latency so the preference would be to eliminate unsuitable candidates at an earlier stage. This is possible if Discovery metadata is available to carry some of this information. The amount of information that can be carried would be limited and the balance of information therefore would need to be considered carefully.

During a lengthy positioning session, whether or not the anchor UE has a position fix may change, and hence its role may change. Therefore, it may be necessary to poll the Anchor to retain an up-to-date understanding of the Anchor’s status. Alternatively, we propose to add to SLPP/RSPP the ability to notify or express to the Target UE or LMF or SL positioning server UE about a change to this status (e.g., when it is not able to provide its location anymore, i.e., not be able to perform the role of Located UE anymore, e.g., because it lost GNSS coverage). This also enables informing the other UEs or LMF of a potential role change during a sidelink positioning procedure. 

An example procedure (based on similar procedures in LPP) to indicate to a Target UE or LMF or SL positioning server UE that the Anchor UE has a known location could look as follows:
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An example procedure to indicate a change could look as follows:
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Proposal 4: RAN2 should as part of the SLPP/RSPP protocol provide a capability exchange mechanism to enable an Anchor UE to provide more details related to the stability and accuracy of the location of the Anchor UE, and also enable the ability to notify or express to the Target UE or LMF or SL positioning server UE about a change to this capability. 

2.4 Location privacy of Anchor UE

In some cases, a UE acting as an Anchor UE might not be willing to share its absolute location with another UE, such as the Target UE or SL Positioning Server UE residing on a separate UE, but may be willing to share its absolute location with the LMF.  This may influence the choice of positioning procedures (e.g. network-based versus UE-based or UE-only based) and may influence Anchor UE selection (e.g. if an Anchor UE is not willing to share its location with a Target UE or SL positioning server UE it may not be selected for procedures where absolute location of the Target UE needs to be calculated, but may be included in case of relative position calculation). 
Because it influences which  SL positioning procedure to select/use and which Anchor UEs to select for the procedure, it is important to make information about any privacy restrictions for obtaining an Anchor UE’s absolute location available to the Target UE as early as possible during a sidelink positiioning procedure (e.g. during discovery or capability exchange), Also the LMF may need to be informed about this, in order to prevent the location of an Anchor UE to be involuntarily provided to a Target UE or SL positioning server UE, e.g. as assistance information Currently, as indicated by the Editor’s Note in clause 5.2.2 of TS 23.586, this is something that needs to be aligned with SA3, but since it may affect Anchor UE selection and possibly also discovery or capability exchange, it may be good to add this to the above list of criteria for Anchor UE selection..

Observation 3: The privacy of sharing the location of an Anchor UE with a Target UE or a separate SL positioning server UE can influence which SL positioning procedure to select/use and which Anchor UEs to select for the procedure. 
Proposal 5: RAN2 to align with SA3 on privacy protection of sharing the location of an Anchor UE with a Target UE or separate SL positioning server UE.
2.5 Pre-selecting Anchor UEs

In certain environments, information about available Anchor UEs may be known before SL positioning procedures take place. For example, the Anchor UEs may be part of a "fixed" installation, for example to cover an office space, building or factory floor. An application may be able to provide this information to the 5G system. 
Hence, as agreed in SA2, the Target UE may be provided with a list of Anchor UE candidates by the upper layers. During Discovery, the Target UE or SL Positioning UE can prioritise Anchor UEs from the list of provided Anchor UE candidates, interacting with new, non-pre-selected candidates only when necessary to get a satisfactory positioning result.
By selecting Anchor UEs from a known list, some, static capabilities information may already be known and will not have to be requested. It may also speed up the discovery process. 
Observation 4: Pre-configuring a list of Anchor UEs to the Target UE improves the selection of Anchor UEs and improves the efficiency of SL positioning.

If the location of candidate Anchor UEs is known by the Target UE or SL Positioning Server UE or by the LMF, then it can use this information speed up and improve the position estimation of the Target UE by matching it with the discovery information. For example, if the Target UE can discover all known Anchor UEs from a pre-configured list, then given its sidelink discovery range, it can already have an indication of the area in which the Target UE is located. Also, if not all Anchor UEs can be discovered, then this fact can be used to perform an estimate of the Target UE’s position, since it can be ruled out that a Target UE is close to such Anchor UEs (i.e., that cannot be discovered) and must be somewhere else. This is particularly useful in cases when not many Anchor UEs are available, and the position of the Target UE needs to be estimated based on limited sidelink distance and/or angle measurements. 
Observation 5: Information about whether or not the Target UE was able to discover an Anchor UE of a pre-configured list of Anchor UEs can be used in position estimation of the Target UE, e.g., by excluding/including certain areas that the Target UE may reside given its sidelink discovery range.
In case the location of the Target UE is determined by the LMF, then in case the Target UE was provided with a list of candidate Anchor UEs, it is important for the Target UE to report all Anchor UEs of such preconfigured list of candidate Anchor UEs that the Target UE was able to discover, in order for the LMF to be able to derive also the Anchor UEs that the Target UE was not able to discover.
Proposal 6: A Target UE should report all Anchor UEs that it was able to discover in such manner that the LMF is able to derive which Anchor UEs the Target UE was not able to discover.
3. Conclusion

This contribution offers some protocol considerations for sidelink positioning. We make the following observations:
Observation 1: An Anchor UE’s location may be unstable or insufficiently accurate, e.g., because Anchor UE is moving or GNSS is (temporarily) unavailable.
Observation 2: An Anchor UE’s role of being Located UE is not fixed and may change over time (possibly even during a sidelink positioning procedure).
Observation 3: The privacy of sharing the location of an Anchor UE with a Target UE or a separate SL positioning server UE can influence which SL positioning procedure to select/use and which Anchor UEs to select for the procedure. 

Observation 4: Pre-configuring a list of Anchor UEs to the Target UE improves the selection of Anchor UEs and improves the efficiency of SL positioning.

Observation 5: Information about whether or not the Target UE was able to discover an Anchor UE of a pre-configured list of Anchor UEs can be used in position estimation of the Target UE, e.g., by excluding/including certain areas that the Target UE may reside given its sidelink discovery range.

On the basis of these observations, we make the following proposals:

Proposal 1: RAN2 should define criteria or allow the network to configure criteria by which the Anchor UE can determine if its location is sufficiently stable and/or sufficiently accurate to announce itself as “Located UE”.

Proposal 2: An Anchor UE that determines that its location is sufficiently stable may include in a Discovery Response message an indication that it is a Located UE.

Proposal 3: To aid down-selection of Anchor UEs, auxiliary information available via capabilities exchange should include Located UE status and information on location status, such as location accuracy, location refresh time, an (average) location validity time.

Proposal 4: RAN2 should as part of the SLPP/RSPP protocol provide a capability exchange mechanism to enable an Anchor UE to provide more details related to the stability and accuracy of the location of the Anchor UE, and also enable the ability to notify or express to the Target UE or LMF or SL positioning server UE about a change to this capability. 

Proposal 5: RAN2 to align with SA3 on privacy protection of sharing the location of an Anchor UE with a Target UE or separate SL positioning server UE.
Proposal 6: A Target UE should report all Anchor UEs that it was able to discover in such manner that the LMF is able to derive which Anchor UEs the Target UE was not able to discover.
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