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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
A typical model of the sidelink positioning architecture is illustrated below. In this case, a target UE connects to a number of anchor UEs (also known as Reference UEs in SA2) 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. If an Anchor UE can connect to an LMF it can be considered a “Located UE” as per the SA2 study [2]. In this typical architectural model, a Target UE may be in-coverage or out-of-coverage of the network. The Anchor UE is in coverage to be able to communicate to the LMF. 
 (
LMF
)
 (
Anchor
 
UE
) (
Target 
UE
)
 (
Nlmf
) (
SR5
)


In case the Anchor UE(s) are out-of-coverage as well as the Target UE, then the following architecture may 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.
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2.2	PC5-U versus PC5-S and 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. 
Performance-wise it is expected that using PC5-U will increase the connection setup time, and increase the latency of the entire ranging procedure and hence also the time before the position of the target UE can be determined. Also, with a protocol on the IP level it will become more complex/cumbersome for a target UE to connect to multiple Anchor UEs, that may be part of a joint ranging session. Furthermore, requiring devices to always establish an IP connection for performing the ranging procedure is introducing unnecessary overhead, in particular when considering that these procedures should also be considered in case of LPHAP.
Observation 1: Using PC5-U for ranging protocol procedures (such as setting up the ranging session, configuring the parameters for ranging and sending measurement reports) over SR5 causes unnecessary latency and overhead.
These disadvantages outweigh the potential advantage of making it easier to reuse the LPP/NRPPa protocol over the SR5 interface. In principle, the LPP/NRPPa could be carried over other protocols than just IP/SCTP, and is defined in such a way that it could also be carried as payload in a PC5-S message. 
It is also not clear how much of the LPP/NRPPa should be reused over SR5 or can/should be seen as a separate protocol (a separate protocol may be a cleaner solution). 
Furthermore, we think that some information, such as ranging capabilities or (desired) ranging role of a UE, can already be provided during the ranging discovery phase.
Proposal 1: Use a combination of PC5-S and PC5-D for ranging protocol procedures over SR5, and define a set of messages and information elements for PC5-S and PC5-D specific for ranging.

2.3	Considerations for SR5 interface and interface with LMF
[bookmark: _Hlk110889188]The most important purpose of the interface with the LMF is the registration and configuration of Anchor UEs. 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, unless ProSe UE-to-Network relay is considered. The Anchor UE may configure a Target UE or interact with a Target UE on behalf of the LMF or in coordination with 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. For an Anchor UE the above mentioned dynamic configuration parameters should be provided by LMF.  
Observation 2: A Target UE may be out-of-coverage and not be in direct contact with an LMF (unless ProSe UE-to-Network Relay is used).
Proposal 2: An Anchor UE shall be able to receive static as well as dynamic configuration information directly from the LMF, when in coverage.
Proposal 3: 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 4: Dynamic configuration parameters to be considered (i.e. over SR5 between an Anchor UE and Target UE or over Nlmf between LMF and an Anchor UE) 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 (possibly after consultation with the LMF and possibly taking into account the preference and capabilities from the initiating 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 5: A Ranging UE shall be able to negotiate the dynamic configuration information with another Ranging UE 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 3: 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 6: 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 4: The role that a Ranging UE can take during the ranging session/procedure is not static and may change depending on the situation.
Proposal 7: 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 8: 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 9: 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 UEsAnother 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. A Target UE may discover multiple Anchor UEs or may discover (by itself or with the support of the LMF)  one or more anchor UEs of such ranging “constellation” in its vicinity, and request the anchor UEs (of such ranging “constellation”)  to participate in the same ranging session/procedure. 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.
Observation 5: Ranging with multiple anchor UEs improves the accuracy for sidelink positioning. 
Proposal 10: It should be possible to involve multiple Anchor UEs in a ranging session/procedure.

2.6 Operation modes in different coverage scenarios
As mentioned above, sidelink positioning should work in various coverage scenarios. If the Target UE as well as the Anchor UEs are in coverage of the NG-RAN, the Target UE may connect to the LMF and indicate a preference to collect the measurements and calculate the Target UE’s position at the Target UE or indicate a preference to let the LMF to calculate the Target UE’s position. In the first case, the Anchor UEs will provide their measurements and information about their position (or reference plane/angle information) to the Target UE. Authorization aspects of whether the Target UE is authorized to receive the location of Anchor UE(s) can be handled by SA WG3. In the latter case, the Anchor UEs provide their measurements and information about their position to the LMF. The Target UE also needs to send its measurements to the LMF in that case. The LMF may configure the Target UE and the Anchor UE(s) accordingly. 
Similarly, in case of partial coverage, if the Target UE is out-of-coverage and the Anchor UE(s) (at least one of them) is in coverage of NG-RAN, the Target UE may connect to one or more Anchor UE(s) and indicate a preference to collect the measurements and calculate the Target UE’s position at the Target UE, or indicate a preference to let the LMF to calculate the Target UE’s position. In the first case, the Anchor UEs will provide their measurements and information about their position (or reference plane/angle information) to the Target UE. Authorization aspects of whether the Target UE is authorized to receive the location of Anchor UE(s) can be handled by SA WG3. In the latter case, the Anchor UEs provide their measurements and information about their position to the LMF. The Target UE would also need to send its measurements to the LMF, but since it is out of coverage, the Anchor UE needs to forward the measurements, for example by using ProSe UE-to-Network relay functionality. If ProSe UE-to-Network relay is used it can also be used for other purposes such as sending ranging related configuration information.
Alternatively, in case of partial coverage and also for out-of-coverage situations an Anchor UE may support a subset of the LMF’s functionality to collect the ranging measurements and calculate a position of the Target UE, as depicted in the second figure above. An Anchor UE should be able to indicate this capability to a Target UE, e.g. during discovery, or as a response to a request/preference of the Target UE to let the LMF calculate the Target UE’s position. If the Target UE agrees, the Target UE can send its measurements to the respective Anchor UE. If multiple Anchor UEs are involved in the sidelink positioning, then one of the Anchor UEs is selected and the other Anchor UEs need to send their measurements and positions to the selected Anchor UE. Authorization aspects of whether an Anchor UE is authorized to receive the measurements of a Target UE and the measurements and location of other Anchor UEs, and calculate a position of the Target UE can be handled by SA WG3.  
Observation 6: An out-of-coverage Target UE or out-of-coverage Anchor UE cannot directly connect with an LMF for the collecting the ranging measurements and calculate a position.
Proposal 11: An Anchor UE may provide a subset of the LMF’s functionality to collect ranging measurements and calculate a position of a Target UE. Support for such functionality should be communicated to the Target UE.
Proposal 12: An Anchor UE may provide ProSe UE-to-Network Relay functionality to enable indirect communication of an out-of-coverage Target UE with the LMF (e.g. to forward ranging measurements enable indirect communication of an out-of-coverage Target UE with the LMF (e.g. to  
Proposal 13: Authorization issues related to the sharing of ranging measurements, location information, and calculating a position of a Target UE should be handled by SA3.

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

Observation 1: Using PC5-U for ranging protocol procedures (such as setting up the ranging session, configuring the parameters for ranging and sending measurement reports) over SR5 causes unnecessary latency and overhead.
Observation 2: A Target UE may be out-of-coverage and not be in direct contact with an LMF (unless ProSe UE-to-Network Relay is used).
Observation 3: 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 4: The role that a Ranging UE can take during the ranging session/procedure is not static and may change depending on the situation.
Observation 5: Ranging with multiple anchor UEs improves the accuracy for sidelink positioning.
Observation 6: An out-of-coverage Target UE or out-of-coverage Anchor UE cannot directly connect with an LMF for the collecting the ranging measurements and calculate a position.

On the basis of these observations, we make the following proposals:
Proposal 1: Use a combination of PC5-S and PC5-D for ranging protocol procedures over SR5, and define a set of messages and information elements for PC5-S and PC5-D specific for ranging.
Proposal 2: An Anchor UE shall be able to receive static as well as dynamic configuration information directly from the LMF, when in coverage.
Proposal 3: 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 4: Dynamic configuration parameters to be considered (i.e. over SR5 between an Anchor UE and Target UE or over Nlmf between LMF and an Anchor UE) 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 5: A Ranging UE shall be able to negotiate the dynamic configuration information with another Ranging UE 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 6: The desired or possible role(s) of a Ranging UE should be provided during ranging discovery procedure. 
Proposal 7: 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 8: 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 9: 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 10: It should be possible to involve multiple Anchor UEs in a ranging session/procedure.
Proposal 11: An Anchor UE may provide a subset of the LMF’s functionality to collect ranging measurements and calculate a position of a Target UE. Support for such functionality should be communicated to the Target UE.
Proposal 12: An Anchor UE may provide ProSe UE-to-Network Relay functionality to enable indirect communication of an out-of-coverage Target UE with the LMF (e.g. to forward ranging measurements enable indirect communication of an out-of-coverage Target UE with the LMF (e.g. to
Proposal 13: Authorization issues related to the sharing of ranging measurements, location information, and calculating a position of a Target UE should be handled by SA3.

4. References
[1]	RP-213588 Revised SID on Study on expanded and improved NR positioning, Intel, December 2021.
[2]	TR 23.700-86 Study on Architecture Enhancement to support Ranging based services and sidelink positioning v0.3.0 

