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1. Introduction
The work item of Expanded and Improved NR positioning [1] includes the following objectives for RAN2: 

· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 

· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).

· Specify the protocol and procedures for SL positioning between UEs and LMF. 

As a first step, this paper considers procedures for sidelink positioning outlined by SA2 in [2].

2. Discussion
In this paper, we consider four main procedures drawn from [2] for ranging and sidelink positioning.
· Network-assisted sidelink positioning
· Target UE cannot establish a NAS connection
· Using the location of Anchor UEs to calculate position
· Using LMF via Anchor UEs to calculate position
· Target UE uses SL positioning server in place of LMF
2.1 Network-assisted sidelink positioning
In cases where the Target UE has a NAS connection with the AMF, legacy positioning is available to the Target UE. If the LMF supports it, legacy positioning can be extended by ranging and sidelink positioning procedures to provide greater flexibility.

The Target UE may have either a direct NAS connection to the AMF or may have an indirect connection via a PRoSe UE-to-network Relay. In the latter case, communication between the Target UE and the UE-to-network Relay takes place over the PC5 interface.
Observation 1: The Target UE may have either a direct NAS connection to the AMF or may have an indirect connection via a PRoSe UE-to-network Relay.

The core procedure is shown in fig. 5.2-1 of [3]. This may be extended to allow either the LMF or the Target UE to include measurements from ranging and sidelink positioning procedures carried out between the Target UE and Anchor UE(s) discovered and selected by the Target UE. The Target UE selects Anchor UEs whose position is known. The LMF uses the extra ranging and sidelink information when it calculates the position of the Target UE.

A possible sequence is shown in figure 1. Compared to the sequence in fig. 5.2-1 of [3], figure 1 includes the Anchor UEs and the UE-to-network Relay. Step 3 is expanded to allow the inclusion of ranging and sidelink positioning.
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Figure 1: Network-assisted sidelink positioning
1a. 
Either: some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF.
1b. 
Or: the serving AMF for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).
1c. 
Or: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving AMF at the NAS level.
2. 
The AMF transfers the location service request to an LMF.
3a.
The LMF instigates location procedures with the serving and possibly neighbouring gNB in the NG-RAN

3b.
In addition to or instead of step 3a, the LMF instigates location procedure with the Target UE.

3c. 
Either the LMF determines that Network-assisted SL positioning should be applied, in addition to or instead of step 3a or step 3b; 

3d. 
Or the Target UE determines that Network-assisted SL positioning should be instigated.

3e. 
The Target UE discovers and selects Anchor UEs and instigates ranging or SL positioning procedures with them.

3f. 
The Target UE sends a response to the LMF indicating that measurements and results from ranging and/or SL positioning are available. This message may also contain a list of discovered Anchor UEs and/or those from which positioning measurements have been obtained.

3g. 
The LMF collects measurements and/or results from step 3e.

3h. 
The LMF optionally collects measurement and/or results from the Anchor UEs
4.
The LMF provides a location service response to the AMF and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.

5a.
If step 1a was performed, the AMF returns a location service response to the 5GC entity in step 1a and includes any needed results – e.g. a location estimate for the UE.

5b.
If step 1b occurred, the AMF uses the location service response received in step 4 to assist the service that triggered this in step 1b (e.g. may provide a location estimate associated with an emergency call to a GMLC).

5c.
If step 1c was performed, the AMF returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE.

Steps 1, 2, 3a, 3b, 4 and 5 are taken directly from [3] and shown for clarity.

Observation 2: The legacy positioning procedure can be extended to include ranging and sidelink positioning with support from the LMF.

In step 3c, the LMF optionally supplies the Target UE with a list of candidate Anchor UEs to use during the discovery process. 
Observation 3: Assistance data from the LMF to the Target UE can include a list of candidate Anchor UEs for discovery

The message in step 3f is sent by the Target UE when ranging or SL positioning measurement data or results are available. It may be sent in response to the message in step 3 or, if the Target UE initiated sidelink positioning, it may be sent unilaterally. In response, the LMF invokes a reporting procedure that allows the Target UE to deliver data and results to the LMF for processing.
Observation 4: The Target UE can collect Ranging and SL positioning data and offer it to the LMF
Proposal 1: RAN2 should support the extension of the legacy positioning procedure to support ranging and sidelink positioning such that the LMF can actively support the Target UE with ranging and SL positioning and use the measurements in its estimate of the Target UE’s location.
2.2 Target UE has no NAS connection

A Target UE that is unable to establish a NAS connection with an AMF may use one of the following two procedures described in section 8.5 of [2].

2.2.1 Using the location of Anchor UEs

In this procedure, the Target UE discovers and requests the location of Anchor UEs, combining this information with results from ranging or SL positioning. While the Anchor UEs may be able to access the LMF, the location calculation is performed by the Target UE.

A possible sequence is shown in figure 2
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Figure 2: Using the Location of Anchor UEs
1 
The Target UE discovers and selects Anchor UEs

2a. 
The Target UE requests the location of the selected Anchor UEs

2b. 
If necessary, an Anchor UE that needs network assistance may trigger an MO-LR procedure to retrieve its location from the LMF
2c. 
The Anchor UEs return their locations to the Target UE (*)
3. 
The Target UEs combines the locations returned by the Anchor UEs with ranging or SL positioning measurement data or results in order to calculate its own location.

(*): Since a Located UE is a UE and not an NG-RAN node, it can be subject to a privacy profile. Depending on the privacy profile of a Located UE, a Located UE may be willing to share its location publicly, or only to authorized UEs (e.g. Target UE, other Anchor UEs, SL positioning server UE) or only to the LMF. This needs to be taken into account in the procedure by exchanging some information about this to the Target UE. The Target UE may then select a different procedure if the location information will not be made available to the Target UE.

Observation 5: In out of coverage scenarios, or partial coverage scenarios where the Target UE does not have a NAS connection to the AMF, the Target UE can estimate its position with assistance from discovered Anchor UEs.

2.2.2 Accessing the LMF via an Anchor UE
The Target UE discovers and selects Anchor UEs with known locations as in the previous example. If the Anchor UEs have access to the LMF then it may be possible for them to request a position calculation on behalf of the Target UE. 

A possible sequence is shown in figure 3.
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Figure 3: Accessing the LMF via an Anchor UE
1 
The Target UE discovers and selects Anchor UE(s)

2a. 
The Target UE may report ranging measurement data or results to the Anchor UE(s)

2b. 
The Anchor UE(s) report ranging measurement data or results, including any data sent by the Target UE to the LMF.

3. 
The LMF returns the calculated location to the Anchor UE
4. 
The Anchor UE transfers the result to the Target UE

Note that the endpoints of the LPP messages are the LMF and the Anchor UE(s), not the Target UE.
Observation 6: In partial coverage scenarios where the Target UE does not have a NAS connection with an AMF, Anchor UEs with an LMF connection can assist the Target UE by obtaining a position estimate from the LMF
Proposal 2: RAN2 should support sidelink positioning solutions for the case where the Target UE has no NAS connection. 
Proposal 3: If the procedure involves sharing the location of a Located UE (e.g. to a Target UE), then the privacy profile of the Located UE needs to be taken into account. 
2.3 Use of Sidelink Positioning Server UE
If the Target UE is out-of-coverage then the Target UE may discover and select an SL Positioning Server in order to determine its location. The Target UE may also do this if no LMF capable of ranging or sidelink positioning is available or if the LMF decides to let the SL Positioning Server calculate the positioning result.

In the first two cases, the Target UE has no measurement data and needs assistance from the SL Positioning Server UE to discover and select Anchor UEs whose locations are known and instigate a positioning process with the selected Anchor UEs. In the third case, the Target UE has already collected measurement data and needs the SL Positioning Server UE to calculate a location.
In terms of the location of the SL Positioning Server UE, the following cases can be identified:

1)
SL Positioning Server UE is co-located with Target UE: in this case the Target UE initiates Ranging/SL positioning directly with one or more Anchor UEs using RSPP over the SR5 reference point as above, and indicates in the exchange of Ranging/Sidelink Positioning capabilities its support for being a SL Positioning Server UE. Based on this information, the Anchor UEs can determine whether or not to send their ranging/SL positioning measurements and their location information to the Target UE. The SL Positioning Server UE co-located with the Target UE provides Ranging/Sidelink Positioning assistance data to the Anchor UEs using RSPP over the SR5 reference point as above, after which it can calculate the Ranging/SL positioning results (e.g. its own location) based on the received ranging/SL positioning measurements and location information received from the Anchor UEs, together with its own measurements. If needed/supported, it can expose the result to other entities. 

2)
SL Positioning Server UE is co-located with an Anchor UE: in this case the Target UE, after performing discovery and selection of the SL Positioning Server UE, uses RSPP over the SR5 reference point between the Target UE and the respective Anchor UE to issue or receive a Ranging/SL positioning Request. The Ranging/SL positioning request can include information about one or more Anchor UEs to be involved in the Ranging/SL Positioning procedure with the Target UE. The SL Positioning Server UE co-located with the Anchor UE can use RSPP over the SR5 reference point as above to perform capability exchange with the Target UE and with other Anchor UEs and provide Ranging/Sidelink Positioning assistance data to the Target UE and other Anchor UEs. In this case, the Target UE and other Anchor UEs send their ranging/SL positioning measurements and location information to the SL Positioning Server UE co-located with the Anchor UE. The SL Positioning Server UE co-located with the Anchor UE can then calculate the Ranging/SL positioning results (e.g. the Target UE location) based on the received ranging/SL positioning measurements from the Target UE and other Anchor UEs and location information received from the other Anchor UEs, together with its own measurements and its own location, after which it can expose the result to the Target UE or other entities as per clause 5.6.

3)
SL Positioning Server UE is not co-located with the Target UE or an Anchor UE: same as in bullet 2), but in this case all the Anchor UEs involved in Ranging/SL positioning procedure need to provide their ranging/SL positioning measurements and location information over the SR5 reference point to the SL Positioning Server UE, based on which it can calculate the Ranging/SL positioning results (e.g. the Target UE location).
Observation 7: The SL Positioning Server functionality can be co-located with the Target UE, an Anchor UE or located elsewhere.
A possible sequence based on 8.4 of [2] is shown in fig. 4.
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Figure 4: Accessing the LMF via an Anchor UE
1a. 
Either: the Target UE has no access to an LMF;

1b., 1c., Or: the Target UE initiates a Location Service Request but receives a response from the AMF that no LMF is available to meet the request;

1e., 1f.,
Or, having initiated the Location Service Request, the Target UE sends a Network-assisted SL positioning Response message and receives a Discover SL positioning Server request in reply.

2a.
The Target UE discovers and selects a SL Positioning Server UE.

2b.
The Target UE issues a SL Location Service Request indicating whether the Target UE has positioning information available.

Either: If no positioning measurement data or reports are available:

3a.
The SL Positioning Server UE may send a SL Positioning request with a list of candidate Anchor UEs.

3b. 
Or the Target UE determines that SL Positioning should be instigated.

3c.
The Target UE discovers and selects Anchor UE(s) and instigates ranging or SL positioning procedures with them.

3d. 
The Target UE sends a response to the SL Positioning Server UE indicating that measurements and results from ranging and/or SL positioning are available. This message may also contain a list of discovered Anchor UE(s) and/or those from which positioning measurements have been obtained.

3e.
The SL Positioning Server UE requests the Target UE to report measurements and/or results obtained from step 3c.

3f. 
The SL Positioning Server UE optionally requests the Anchor UE(s) to report measurements and/or results from the Anchor UEs.

Or: If the Target UE indicates that it has positioning information available:

3e. 
The SL Positioning Server UE collects measurement data and/or results

4. 
The SL Positioning Server UE sends a Location Service Response to the Target UE including any needed results.
Observation 8: A Target UE may start operations with an SL Position Server UE before or after it has obtained SL measurement data
Proposal 4: RAN2 should consider a procedure for SL positioning with an SL Positioning Server UE that takes into account whether the Target UE has measurement data or not
3. Conclusion

We make the following observations and conclusions.
Observation 1: The Target UE may have either a direct NAS connection to te AMF or may have an indirect connection via a PRoSe UE-to-network Relay.

Observation 2: The legacy positioning procedure can be extended to include ranging and sidelink positioning with support from the LMF.

Observation 3: Assistance data from the LMF to the Target UE can include a list of candidate Anchor UEs for discovery

Observation 4: The Target UE can collect Ranging and SL positioning data and offer it to the LMF
Observation 5: In out of coverage scenarios, or partial coverage scenarios where the Target UE does not have a NAS connection to the AMF, the Target UE can estimate its position with assistance from discovered Anchor UEs.

Observation 6: In partial coverage scenarios where the Target UE does not have a NAS connection with an AMF, Anchor UEs with an LMF connection can assist the Target UE by obtaining a position estimate from the LMF
Observation 7: The SL Positioning Server functionality can be co-located with the Target UE, an Anchor UE or located elsewhere.
Observation 8: A Target UE may start operations with an SL Position Server UE before or after it has obtained SL measurement data
Proposal 1: RAN2 should support the extension of the legacy positioning procedure to support ranging and sidelink positioning such that the LMF can actively support the Target UE with ranging and SL positioning and use the measurements in its estimate of the Target UE’s location.
Proposal 2: RAN2 should support sidelink positioning solutions for the case where the Target UE has no NAS connection. 

Proposal 3: If the procedure involves sharing the location of a Located UE (e.g. to a Target UE), then the privacy profile of the Located UE needs to be taken into account. 
Proposal 4: RAN2 should consider a procedure for SL positioning with an SL Positioning Server UE that takes into account whether the Target UE has measurement data or not
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