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1. Introduction
The study item of Expanded and improved NR positioning [1] includes the following objective for RAN2: 

· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]

In this contribution, we discuss various protocol considerations for sidelink positioning.

2. Discussion
2.1	Ranging architecture
For ranging it is essential to support out-of-coverage operation. In case the Anchor UE(s) and the Target UE are out-of-coverage, then the following architecture should be considered. In this architecture, a subset of the LMF’s functionality can be offered by an Anchor UE. At a minimum it should be able to determine/provide a reference plane, reference angle or reference position when ranging with a Target UE, but may also offer typical LMF functionality, such as collecting ranging/position measurements, calculate a position, and providing the calculated position to other entities. In other words, an Anchor UE may perform the “SL positioning server UE” role as per the SA2 study [2].
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Having the “SL positioning server UE” role on a separate UE (i.e. which is neither a Target UE or Anchor UE) does not seem to bring much benefits and would introduce additional protocol overhead for discovery and connection setup. Hence, we propose to define the “SL positioning server UE” role for Anchor UEs only.
Proposal 1: Define a SL positioning server UE role for Anchor UEs (not for a separate UE that is neither a Target UE or Anchor UE).
Furthermore, although multiple Anchor UEs may be capable of performing LMF functionality and may be involved in SL positioning of a Target UE, a centralised approach is preferred in which a single Anchor UE takes on the ”SL positioning server UE” role. Hence, some rules or message exchanges need to be defined which Anchor UE will take on the “SL positioning server UE” role if multiple exists. 
Proposal 2: If multiple SL positioning server UEs are available, a single SL position server UE should be selected/negotiated.
A partial coverage model of the sidelink positioning architecture is illustrated below. In this case, a target UE connects to a number of anchor UEs over the SR5 interface [2] to set up a ranging session to initiate ranging (i.e. perform distance and/or angle measurements over sidelink). Some of the Anchor UEs can also connect to an LMF in order to obtain configuration information and to estimate the Target UE’s position, but also estimate their own position if needed. In this architectural model, a Target UE may be in-coverage or out-of-coverage of the network. The Anchor UE is in coverage and able to communicate to the LMF. 
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However, since an Anchor UE should also be able to operate out-of-coverage, one or more Anchor UEs should also offer a subset of the LMF functionality as suggested above, i.e. be able to operate a SL positioning server UE role. Also, if the target UE is out of coverage, and also one or more anchor UEs may already be out-of-coverage, it implies that coverage in that area is limited. Hence, in case of partial coverage, having a connection to the LMF cannot be relied upon. Hence, also in partial coverage situations, it should be possible to use the SL positioning server UE role offered by one or more anchor UEs. In other words, the out-of-coverage operational model should also be available for use in partial coverage situations. 
Observation 1: If one or more of the involved UEs (Target UE and one or more Anchor UEs) are out-of-coverage, it implies that coverage in that area is limited, and a connection to the LMF can therefore not be relied upon.
Similarly, in an alternative partial coverage scenario, the target UE is in coverage but all Anchor UEs are out-of-coverage. Given that Anchor UEs when out-of-coverage can (and will) switch to out-of-coverage operation and can offer the SL positioning server UE role it should be possible to use the out-of-coverage operational model in this case, and not rely on an LMF connection from the target UE. Also, the target UE may be simple device. If all Anchor UEs would need to communicate through the Target UE to reach the LMF it would probably need to operate a ProSe U2N relay function and hence would lead to an unnecessary burden of the Target UE.
Observation 2: Using a Target UE to let out-of-coverage Anchor UEs connect to the LMF may lead to unnecessary burden of the Target UE.
Therefore, we propose that the out-of-coverage operational model using a SL positioning server UE should also be available for partial coverage situations.
Proposal 3: the out-of-coverage operational model using a SL positioning server UE should also be available for partial coverage situations.

2.2	PC5-U,PC5-S or PC5-D for SR5	
[bookmark: _Hlk110960848]For SR5 different options are being considered. One of these is to first establish a PC5 direct connection, set up an IP connection, and only then start exchanging messages for setting up the session and configuring the parameters for ranging over PC5-U. Another option is to extend PC5-S and possibly also PC5-D with new messages or information elements specific for ranging. Another option is to use PC5-U groupcast/multicast/broadcast. 
In addition to this discussion is the discussion on session-based and session-less based operation. We think both can and should be supported. We think that for session-based operation, using PC5-S to establish the unicast connections to be able to exhange encapsulated LPP commands, possible in combination with capability exchange in PC5-D (either having a ranging capability IE directly added to ProSe discovery messages or using the metadata field of ProSe discovery messsage to encapsulate the respective LPP ProvideCapabilities command), is the most appropriate solution, since for unicast connections using PC5-U will increase the connection setup time, and increase the latency of the entire ranging procedure.
However, for session-less operation, we can consider PC5-D (using the metadata field of ProSe discovery messsage to encapsulate the respective LPP commands) and/or PC5-U groupcast/multicast/broadcast operation as it seems most appropriate in that case that all UEs (i.e. Target UE and one or more Anchor UEs) involved in the sidelink ranging can freely exchange the information between all UEs at once.
Hence, the choice of PC5-U, PC5-S or PC5-D may differ for session-based versus session-less operation.
Observation 3: The choice of PC5-U, PC5-S or PC5-D may differ for session-based versus session-less operation.
Proposal 4: Use a combination of PC5-S and PC5-D for ranging protocol procedures over SR5 when using session-based ranging/SL positioning, and make a selection between PC5-D and PC5-U for session-less ranging/SL positioning.

2.3	Considerations for SR5 interface and interface with LMF
[bookmark: _Hlk110889188]Since the Target UE may be out-of-coverage in many ranging/sidelink positioning scenarios, it is more likely to interact with the Anchor UE over SR5 rather than with the LMF directly for ranging/SL positioning. The Anchor UE may configure a Target UE or interact with a Target UE on behalf of the LMF, at least for the dynamic aspects. 
Possible dynamically configurable parameters of a Ranging UE (i.e. Target UE or Anchor UE) to consider are:
o	which ranging/positioning method to use (e.g. RTT, TDOA, …),
o	which bands and which bandwidth to use (incl. whether unlicensed/licensed spectrum is to be used), 
o	sampling frequency of ranging and positioning measurements,
o	timing/period/duration of ranging and position signals and measurements
o	minimum/maximum transmit power to use, 
o	role of a device (e.g. Anchor UE, Target UE), 
o	coordinate system to be used,
o	which Anchor UEs are involved in a ranging session.
o	which device or service will collect the measurements and calculate a distance, angle or position.
For configuration aspects that are unlikely to change, configuration of a Target UE by the LMF (or PCF) could be considered. This may be the case for example for configuring some default values (e.g. default coordinate system to use) when dynamic configuration is not available, or a policy determining conditions (e.g. whether the device’s position is stable) when to take a certain role, or which security credentials to use during ranging discovery and other ranging procedures..
Proposal 5: A Target UE shall be able to receive dynamic configuration information from an Anchor UE over SR5. To this end, the Anchor UE shall be able to provide the selected values for the dynamic configuration parameters to a Target UE for ranging over SR5.
Proposal 6: Dynamic configuration parameters to be considered include:
o	ranging/positioning method to use (e.g. RTT, TDOA, …),
o	frequency bands and which bandwidth to use, 
o	sampling frequency of ranging and positioning measurements,
o	timing/period/duration of ranging and position signals and measurements,
o	minimum/maximum transmit power to use, 
o	role of a device (e.g. Anchor UE, Target UE), 
o	ranging “constellation”/ranging session related information (e.g. identities of Anchor UEs working together to provide ranging/sidelink position service),
[bookmark: _Hlk110900852]o	coordinate system to be used,
[bookmark: _Hlk110900871]o	which device or service will collect the measurements and calculate a distance, angle or position.

[bookmark: _Hlk110892054][bookmark: _Hlk110893766]It is desirable that the dynamic configuration parameters are determined as part of an initial negotiation procedure, whereby one of the UEs (typically the Target UE) provides its preference for certain values of one or more parameters or possible range of values (based on its capabilities) to another UE (typically the Anchor UE(s)), after which the other UE responds with the selected configuration values to be used for ranging. This could be done for example by extending the PC5 Direct Communication Request and the related Direct Communication Response message with additional fields for this. 
Proposal 7: A Target UE or Anchor UE shall be able to negotiate the dynamic configuration information with one another over SR5 by indicating a preferred value or a list of possible values (based on its capabilities) for one or more configuration parameters during initial connection setup.

2.4	Activation of Anchor UE role
[bookmark: _Hlk110954568]Particular attention should be given to the determination of the role of a Ranging UE. It should be possible to provide the (desired) role of the Ranging UE or at least its capability to perform a certain role (e.g. Anchor UE) already during ranging discovery. A Target UE that may not be able to become an Anchor UE itself should be able to limit the ranging discovery to only find other Ranging UEs that are capable of being an Anchor UE or that are already acting as Anchor UE. If it is not clear at time of discovery that a discovered Ranging UE is an Anchor UE or is capable to be an Anchor UE, it would be waste of time and resources to try to set up a connection and initiate a ranging session/procedure with that discovered Ranging UE.
Observation 4: Setting up a connection to a Ranging UE without knowing the possible role(s) which that Ranging UE can take would waste unnecessary resources.
Proposal 8: The desired or possible role(s) of a Ranging UE should be provided during ranging discovery procedure. 
The desired or possible role(s) of a Ranging UE, in particular if a Ranging UE can be an Anchor UE and/or Located UE [2], is not static and may change depending on the situation. For example, even if a Ranging UE includes a GNSS module in order to get a position fix, it may be out of coverage of the GNSS satellite network (e.g. in a tunnel or if an Anchor UE is deployed indoors), and hence may not be able to be a Located UE or Anchor UE. Similarly if the UE is out-of-coverage of the NG-RAN it may not be able to be a Located UE or Anchor UE. Also, the position of a UE may be too unstable to be used as Anchor UE (e.g. UE is moving too fast or shaking too much). To this end, it needs to be considered to configure and apply a policy by which a Ranging UE can determine its possible role(s), e.g. whether or not it can take the role of Anchor UE or Located UE. Such policy may be configured by the LMF (or PCF).
Possible criteria/conditions to consider for a Ranging UE to become an Anchor UE/Located UE include:
· Whether or not the UE has a position fix (e.g. through GNSS),
· Whether or not the UE’s position is stable (e.g. UE is stationary or moves at very slow speed or position fluctuates within a small limited area, the limits/thresholds of which may be determined by a set of criteria).
· Whether or not the UE is in coverage of a base station,
· Whether or not the UE is connected to an LMF.
· Whether it receives enough positioning/ranging reference signals.
Similarly, if the Ranging UE is in coverage of the network and connected to the LMF, the LMF may decide the role of the Ranging UE based on similar criteria/conditions.
If the situation changes after a ranging session has already been configured, and the Ranging UE does not meet the criteria/conditions anymore, the role of a Ranging UE may need to change. The other UE(s) involved in the ranging session, and also the LMF (if the Ranging UE is in coverage) need be notified of such role change. The ranging session may need to be aborted and restarted.
Observation 5: The role that a Ranging UE can take during the ranging session/procedure is not static and may change depending on the situation.
Proposal 9: The criteria/conditions for a Ranging UE to determine if it can act as an Anchor UE or Located UE should be configurable by the network (e.g. by LMF or PCF). 
Proposal 10: Criteria/conditions to be considered for a Ranging UE to determine if it can act or by which the LMF can decide it can act as an Anchor UE or Located UE include:
· Whether or not the UE has a position fix (e.g. through GNSS),
· Whether or not the UE’s position is stable (e.g. UE is stationary or moves at very slow speed or position fluctuates within a small limited area, the limits/thresholds of which may be determined by a set of criteria).
· Whether or not the UE is in coverage of a base station,
· Whether or not the UE is connected to an LMF.
· Whether it receives enough positioning/ranging reference signals.
Proposal 11: A mechanism should be provided by which a Ranging UE can inform the other UE(s) involved in a ranging session/procedure and also the LMF if the role of the Ranging UE changes.

[bookmark: _Hlk110937344]2.5	Involving multiple Anchor UEs
Another important aspect to consider is how multiple Anchor UEs can work together to perform sidelink positioning in various coverage scenarios. As shown in the figures above, a Target UE may connect to multiple Anchor UEs to perform the ranging procedure. By collecting the information from the various ranging measurements the sidelink position can be calculated more accurately than when only a single Anchor UE is used. These multiple Anchor UEs form a so-called ranging “constellation” whereby these Anchor UEs can have a fixed position and together can cover a certain area, such as a room or building. Alternatively, a Target UE may connect to a single Anchor (e.g. an Anchor UE performing the SL positioning server UE role) and that Anchor UE or the LMF may request other Anchor UEs to join the session. To this end, the LMF may pre-configure or provide constellation information to the Anchor UEs. Alternatively, the Target UE may be preconfigured with information about ranging constellations (in an area), which the Target UE may use to try to discovery and/or set up a connection to all Anchor UEs of the ranging constellation. This procedure might be identified by means of a session identifier or “constellation” identifier. Thus, information about a session identifier may be exchanged amongst the Target UE and Anchor UE(s) involved. Note that if one or more Anchor UEs of a ranging constellation, which have a known position in a certain area cannot be reached by the Target UE, this information can be used to more accurately determine the position of the Target UE as certain positions/areas where the Target UE may reside can be excluded.
Observation 6: Ranging with multiple anchor UEs improves the accuracy for sidelink positioning. 
Observation 7: Information about whether an Anchor UE of a ranging “constellation” is not reachable by a Target UE can be used to exclude certain positions/areas where the Target UE may reside, and hence be used in the position calculation.
Proposal 12: It should be possible to involve multiple Anchor UEs in a ranging session/procedure using ranging “constellation” information.

3. Conclusion
This contribution offers some protocol considerations for sidelink positioning. We make the following observations:

Observation 1: If one or more of the involved UEs (Target UE and one or more Anchor UEs) are out-of-coverage, it implies that coverage in that area is limited, and a connection to the LMF can therefore not be relied upon.
Observation 2: Using a Target UE to let out-of-coverage Anchor UEs connect to the LMF may lead to unnecessary burden of the Target UE.
Observation 3: The choice of PC5-U, PC5-S or PC5-D may differ for session-based versus session-less operation.
Observation 4: Setting up a connection to a Ranging UE without knowing the possible role(s) which that Ranging UE can take would waste unnecessary resources.
Observation 5: The role that a Ranging UE can take during the ranging session/procedure is not static and may change depending on the situation.
Observation 6: Ranging with multiple anchor UEs improves the accuracy for sidelink positioning. 
Observation 7: Information about whether an Anchor UE of a ranging “constellation” is not reachable by a Target UE can be used to exclude certain positions/areas where the Target UE may reside, and hence be used in the position calculation.

On the basis of these observations, we make the following proposals:
Proposal 1: Define a SL positioning server UE role for Anchor UEs (not for a separate UE that is neither a Target UE or Anchor UE).
Proposal 2: If multiple SL positioning server UEs are available, a single SL position server UE should be selected/negotiated.
Proposal 3: the out-of-coverage operational model using a SL positioning server UE should also be available for partial coverage situations.
Proposal 4: Use a combination of PC5-S and PC5-D for ranging protocol procedures over SR5 when using session-based ranging/SL positioning, and make a selection between PC5-D and PC5-U for session-less ranging/SL positioning.
Proposal 5: A Target UE shall be able to receive dynamic configuration information from an Anchor UE over SR5. To this end, the Anchor UE shall be able to provide the selected values for the dynamic configuration parameters to a Target UE for ranging over SR5.
Proposal 6: Dynamic configuration parameters to be considered include:
o	ranging/positioning method to use (e.g. RTT, TDOA, …),
o	frequency bands and which bandwidth to use, 
o	sampling frequency of ranging and positioning measurements,
o	timing/period/duration of ranging and position signals and measurements,
o	minimum/maximum transmit power to use, 
o	role of a device (e.g. Anchor UE, Target UE), 
o	ranging “constellation”/ranging session related information (e.g. identities of Anchor UEs working together to provide ranging/sidelink position service),
o	coordinate system to be used,
o	which device or service will collect the measurements and calculate a distance, angle or position.
Proposal 7: A Target UE or Anchor UE shall be able to negotiate the dynamic configuration information with one another over SR5 by indicating a preferred value or a list of possible values (based on its capabilities) for one or more configuration parameters during initial connection setup.
Proposal 8: The desired or possible role(s) of a Ranging UE should be provided during ranging discovery procedure. 
Proposal 9: The criteria/conditions for a Ranging UE to determine if it can act as an Anchor UE or Located UE should be configurable by the network (e.g. by LMF or PCF). 
Proposal 10: Criteria/conditions to be considered for a Ranging UE to determine if it can act or by which the LMF can decide it can act as an Anchor UE or Located UE include:
· Whether or not the UE has a position fix (e.g. through GNSS),
· Whether or not the UE’s position is stable (e.g. UE is stationary or moves at very slow speed or position fluctuates within a small limited area, the limits/thresholds of which may be determined by a set of criteria).
· Whether or not the UE is in coverage of a base station,
· Whether or not the UE is connected to an LMF.
· Whether it receives enough positioning/ranging reference signals.
Proposal 11: A mechanism should be provided by which a Ranging UE can inform the other UE(s) involved in a ranging session/procedure and also the LMF if the role of the Ranging UE changes.
Proposal 12: It should be possible to involve multiple Anchor UEs in a ranging session/procedure using ranging “constellation” information.
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