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Abstract of the contribution: This paper proposes a new soluttion for KI#4 and KI#5 to clarify how multiple Reference UEs can be included in a ranging session, in various coverage scenarios.

1.	Discussion
Although some solutions, such as Solution #19, touch upon the subject of having multiple Reference UEs involved in Sidelink positioning of a Target UE, it is still not very clear how this is supposed to work. Involving multiple Reference UEs can improve the position accuracy and is sometimes essential to be able to calculate a position through triangulation/trilateration, e.g. if the Target UE is out of coverage.
This solution clarifies some procedures to involve multiple Reference UEs in the same ranging session. A procedure is presented for in-coverage, partial coverage as well as out-of-coverage situations.
[bookmark: _Hlk110230815]******************Begin Change [all text is new] ********************
6.X	Solution #X: Involving Multiple Reference UEs for Sidelink positioning
[bookmark: _Toc104304449]6.X.1	Description
Involving multiple Reference UEs can improve the position accuracy and is sometimes essential to be able to calculate a position through triangulation/tilateration, e.g. if the Target UE is out of coverage.
The following deployment scenarios are being considered:
· Multiple Reference UEs are part of a “fixed” installation, for example to cover a e.g. room, building or factory floor.

· Multiple Reference UEs are close to a Target UE, but not necessarily have a fixed position or role.
An example of how this could look like is illustrated below. The Target UE is able to perform ranging with both Reference UE 1 and Reference UE 2. The results can be combined to estimate the Target UE’s position in a relative coordinate system or possibly geographical coordinate system (if the geographical positions of the Reference UEs are known). By collecting the ranging measurements/results from the various UEs involved,  the sidelink position can be calculated more accurately than when only a single Reference UE would be used. Not only because the ranging measurements with multiple Reference UEs can be used in the calculation, but also e.g. if a Target UE can discover one reference UE of a “fixed” installation, but is not able to discover another reference UE that is part of the same installation, it tells something about the Target UE’s location, since certain areas can be excluded from the location calculation. Also Reference UEs may be instructed to perform ranging between themselves to further improve the accuracy, in particular in case their position is not always fixed.
These multiple Reference UEs may form some kind of “constellation” similar to a satellite constellation for GNSS.
The two Reference UEs may also perform ranging between themselves in case their position is not fixed.

 
Figure 6.X.1-1: Illustration of a fixed installation of Reference UEs in a room or factory floor.
The In this solution, the above scenarios are considered for in-coverage, partial-coverage and out-of-coverage situations, whereby the LMF (or a subset implemented by a reference UE/Location Server UE) is considered to have the central coordinating role of the sidelink positioning involving multiple Reference UEs and is also responsible for determining the position of the Target UE. The case of a Target UE performing UE-based positioning and coordinating individual ranging sessions with multiple reference UEs is not described as part of this solution.
.In this solution the term Ranging/Sidelink Positioning Protocol (RSPP) is used as defined in solution #26.
Below each of the coverage situations is described in more detail:
· In-coverage: Both the Target UE and Reference UEs can connect to an LMF to coordinate and configure the ranging between the Target UE and the Reference UEs. The LMF may keep track of Reference UEs and in particular Located UEs in a certain area to be able to determine a group of Reference UEs that could serve a Target UE, or be provisioned by an external application e.g. through NEF with information about a “constellation” of Reference UEs in a certain area and their locations. If the location of the Reference UEs is not yet known, the LMF may initiate a location request with those Reference UEs.

If the position of the Target UE needs to be determined, the Target UE may send a location request to the LMF or vice-versa. After this, the Target UE initiates a ranging discovery procedure as described in the various solutions for KI#3, and initiate a ranging session with a discovered Reference UE by transmitting a Direct Connection Request. The Target UE or Reference UE can report information about the ranging session (such as session identifier, and identifiers of the Target UE and Reference UE) to the LMF. Based on the information about ranging constellations or other Reference UEs in the area, the LMF can invite other Reference UEs to join the ranging session (with the indicated identifier) or ask the Target UE or a Reference UE to do so, and in this way coordinate the joint ranging of a Target UE for improved location estimation.

In the figure below, the Target UE discovers and initiates a ranging session with Reference UE 1, after which Reference UE 2 is also invited to join the same ranging session.




Figure 6.X.1-2: High-level overview of in-coverage scenario.

Once the ranging session with multiple Reference UEs is properly set up, the UEs involved can perform ranging to measure/calculate distances and/or angles between them, and report these to the LMF to estimate the location of the Target UE. 
NOTE 1: 	The details of these procedures will be defined by RAN WGs.

· Partial coverage: In this situation, the Target UE is out-of-coverage, but at least one of the Reference UEs is in coverage and can connect to the LMF. In this situation, the Reference UEs can operate in a very similar way as the in-coverage case. The Target UE can initiate a ranging discovery procedure similarly as for the in-coverage case. The only difference is that the Target UE cannot contact the LMF directly to initiate a location request, receive configuration information or send its measurements. Instead, one or more the Reference UEs that are connected with LMF have to do this on behalf of the LMF. To this end, the Reference UE may implement part of the LMF’s functionality or perform forwarding of messages between the Target UE and the LMF or a combination thereof.

In the figure below, the Target UE is out of coverage, and Reference UE 2 as well. Reference UE 1 will perform the communication with the LMF on behalf of the Target UE and Reference UE 2.




Figure 6.X.1-3: High-level overview of partial coverage scenario.

· Out-of-coverage: In this situation, the Target UE as well as the Reference UEs are out of coverage. To not deviate too much from the previous situations, a solution is for one or more of the Reference UEs to implement a subset of the LMF’s functionality and support the same protocols (e.g. an extended NRPPa protocol for Sidelink Positioning Protocol, also sometimes called Ranging/Sidelink Positioning Protocol (RSPP) as in Solutions #4 and #26). Such Reference UE would need to be provisioned beforehand with the necessary policies and information by the LMF (of PCF) once it was still in coverage. This may include e.g. information about other Reference UEs in the area and their position, or ranging “constellation” information. It may also include information about position methods and procedures supported by the PLMN, accuracy settings, etc. The solutions for KI#1 can be extended to support the provisioning of such additional policies and information. 
NOTE 2: 	The details of the authorization aspects and procedures for such out-of-coverage deployment need to be studied by SA WG3.
A Reference UE that implements part of the LMF’s functionality may also by itself gather the necessary information about nearby Reference UEs or ranging “constellations” by performing ranging discovery, exchange capabilities and location information or perform ranging with such nearby Reference UEs. This information can then be used to invite other Reference UEs to join a ranging session for sidelink positioning of a Target UE. It may also configure the Target UE and other Reference UEs to transmit the ranging measurements to this Reference UE, so that it can calculate the position of the Target UE based on it. For the Target UE, the ranging discovery and session setup are similar to the ranging discovery and session setup for the partial coverage case. Note that this deployment can in principle also be used for partial coverage situations.
Editor’s Note: It needs to be clarified if a Reference UE with a subset of LMF functionality in this solution is the same as a Location Server UE as described in Solution #26.

In the figure below, the Target UE, Reference UE 1 and Reference UE 2 are all out of coverage. Reference UE 1 implements a subset of the LMF’s functionality.


Figure 6.X.1-4: High-level overview of out-of-coverage scenario.
Note that the role of being a Reference UE and in particular Located UE may not always stay the same. This depends on several factors, such as whether or not the UE has a position fix and whether or not its position is stable. For example, even if a 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. driving into a tunnel or if it is deployed indoors), and hence may not be able to be a Located UE or Reference UE. Similarly if the UE is out-of-coverage of the NG-RAN it may not be able to be a Located UE or Reference UE because it cannot connect to the LMF. Also, the position of a UE may be too unstable to be used as Located UE or Reference UE (e.g. UE is moving too fast or shaking too much). If the role changes, the LMF and other UEs (e.g. Target UE, Reference UEs) involved in ranging need to be notified of such change.
NOTE 3: How the possible roles (e.g. Reference UE, Located UE) are determined and the criteria for this are out-of-scope for SA WG2 and would need to be studied by RAN WGs. 
[bookmark: _Toc104304450]6.X.2	Procedures
Editor’s note: the current procedures assume that the target UE and all the involved reference UEs are served by the same LMF and AMF in the same PLMN. It is FFS how to coordinate between LMFs in case the UEs are served by different LMFs and AMFs in different PLMNs.
Case 1: Target UE and all Reference UEs are in coverage



Figure 6.X.2-1: High-level procedure for Involving multiple Reference UEs to a ranging session for in-coverage situation.
1.	An AF may optionally provide information about ranging “constellations” in an area to the NEF.
2.	The NEF may forward the received ranging “constellation” related information to the LMFThe LMF may receive information about ranging “constellations” in an area from the GMLC, which may have received this information from an AF (via NEF) or LCS client (see description of Figure 6.X.2-2 for more details)
32.	The LMF collects data about potential Reference UEs/Located UEs in an area (possibly based on the ranging “constellation” information from the AF), including receiving data about the capabilities and location information for these potential Reference UEs/Located UEs, and maintains this information in a storage unit/database. This may also include keeping track of potential role changes, e.g. if a UE is not able to be a Reference UE/Located UE anymore (e.g. because it lost its position fix).
34.	The Target UE or the LMF transmit a Location Request to trigger the initiation of the ranging/sidelink positioning procedures.
45.	The Target UE initiates ranging discovery and connection setup with a discovered Reference UE (in this case Reference UE#1).
56.	The Reference UE with which a ranging connection was set up reports this to the LMF. This report may include identifiers of the Target UE and Reference UE and a session identifier).
67.	After authentication and authorization (not shown in the figure, since that is in the realm of SA WG3), the LMF determines one or more other Reference UEs to get involved in the ranging session, e.g. based on the information about ranging constellations or other Reference UEs in the area (that may have a stable position).
78.	The LMF instructs the Target UE and the Reference UEs, in this case Reference UE#1 and Reference UE#2 to invite Reference UE#2 to join the ranging session. The invitation will include a session identifier for the joint ranging session. Such message could be an extension to the Ranging/Sidelink Positioning Protocol (RSPP). The LMF may also configure the respective UEs for ranging (if this has not been done beforehand) in this step.
89.	After receiving information to invite Reference UE#2 to join the ranging session, the Target UE and Reference UE#2 can perform ranging discovery (if not done yet) and setup a ranging connection with each other, using the session identifier for the joint ranging session as input.
910.	Optionally, the other Reference UEs (in this case Reference UE#1) will also perform ranging discovery (if not done yet) and setup a ranging connection with Reference UE#2.
101.	In this step, the Target UE will perform ranging with all Reference UEs involved in the ranging session (in this case both with Reference UE#1 and with Reference UE#2) to determine a distance/angle between the respective UE. Optionally the Reference UEs will are configured by the LMF to perform ranging amongst each other for additional accuracy (in this case Reference UE#1 may perform ranging with Reference UE#2). 
121.	All UEs involved in the joint ranging session, in this case the Target UE and Reference UE#1 and Reference UE#2 report their ranging measurements/results to the LMF.
112. 3.	The LMF calculates the location of Target UE based on the received ranging measurements/results from all UEs involved in the joing ranging session. The LMF may report the estimated location to the Target UE or AF.

Additional details on how the LMF receives or determines information about ranging “constellations”:


Figure 6.X.2-2: Example procedure of how the LMF receives ranging “constellation” information from external entity.
As indicated, the LMF may receive information about ranging “constellations” in an area from an external application or an LCS client. Such information would consist at least of a list of identifiers (e.g. GPSI) of known/preferred Reference UEs/Located UEs, but may also contain additional information such as (last known) location information of such UEs, capabilities of these UEs, or area related information. 
Step 1a: In the case of an LCS client, information about ranging “constellations” may be sent as part of a location request for a target UE. 
Step 1b: In case of an AF, information about ranging “constellations” may be transmitted first to an NEF which forwards the information to the GMLC. 
Step 2: After the GMLC has received the ranging “constellation” information it selects an AMF. This can be done in a similar way as in step 2 of solution#21, whereby information provided about the ranging “constellations” (e.g. identifier of Reference UE/Located UE, location of one or more Reference UEs/Located UEs, or area information) may be used in addition to information about a target UE. In case the GPSI is used as identifiers of Reference UEs/Located UEs, the GMLC may request the UDM to provide the SUPI of those UEs. The GMLC may also send the ranging “constellation” information to all known AMFs of the 5GC.
Step 3: The GMLC sends the information about ranging “constellations” to the selected AMF(s).
Step 4: Based on the ranging “constellation” information, the AMF selects a ranging/SL position capable LMF that serves most (if not all) of the UEs of the ranging “constellation”, e.g. based on whether the area or location information provided in the ranging “constellation” information is within an LMF Service Area. The AMF may also select one or more other LMFs for which the ranging “constellation” information could be relevant, such as LMFs with partially overlapping service area or that are currently serving one or more Reference UEs/Located UEs in the constellation. 
Step 5: The AMF provides the ranging “constellation” information to the selected LMF(s).
NOTE: The above procedure of providing ranging “constellation” information is optional. The LMF can have its own implementation specific means to determine ranging “constellations”.

Case 2: Target UE is out of coverage and at least one Reference UE is in coverage (i.e. partial coverage case)



Figure 6.X.2-23: High-level procedure for Involving multiple Reference UEs to a ranging session for partial coverage situation.
Steps 1 through 3and 2 are the same as for Case 1 (i.e. in-coverage).	
34a/b.	The Target UE or the LMF may transmit a Location Request to trigger the initiation of the ranging/sidelink positioning procedures, but since the Target UE is out-of-coverage this message may be forwarded by a Reference UE that is in coverage (in this case Reference #1).
Editor’s Note: It is FFS how a Location Request from the LMF reaches a Target UE that is out-of-coverage.
Editor’s Note: Need to determine if this step is really necessary in case the Target UE is out-of-coverage or whether there are other means to trigger ranging/sidelink positioning, such as through policies.
Steps 45 through 67 are the same as for Case 1 (i.e. in-coverage).	

78a/b.	The LMF instructs the Target UE and the Reference UEs (in this case Reference UE#1 and Reference UE#2) to invite Reference UE#2 to join the ranging session. The invitation will include a session identifier for the joint ranging session. The LMF may also configure the respective UEs for ranging (if this has not been done beforehand) in this step. Since the Target UE is out-of-coverage the Reference UE that is in coverage (in this case Reference #1) may provide or forward this message to the Target UE on behalf of the LMF. Similar if Reference UE#2 is out-of-coverage.
NOTE:	For the forwarding of the messages, e.g. (a subset of) ProSe UE-to-Network Relay functionality or some gateway functionality (e.g. for repackaging RSPP from PC5 to Uu) could be considered. This can be decided during normative phase and/or as part of the conclusions depending on other partial coverage solutions. .
Steps 89 through 101 are the same as for Case 1 (i.e. in-coverage).
1211a/b/c.	All UEs involved in the joint ranging session, in this case the Target UE and Reference UE#1 and Reference UE#2 need to report their ranging measurements/results to the LMF. However, since the Target UE is out-of-coverage, it may report its ranging measurements/results to the Reference UE that is in coverage (in this case Reference UE#1), which may (collect and) forward the ranging measurements/results to the LMF. Similar if Reference UE#2 is out-of-coverage
Step 123 is the same as for Case 1 (i.e. in-coverage).

Case 3: Target UE as well as the Reference UEs are out of coverage 



Figure 6.X.2-34: High-level procedure for Involving multiple Reference UEs to a ranging session for out-of-coverage situation.
Steps 0 and 01 isare the same as steps 1 and 2 for Case 1 (i.e. in-coverage) and Case 2 (i.e. partial coverage).	
12.	Optionally the LMF configures the Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case), when that Reference UE is in coverage.
Step 23 is the same as for Case 1 (i.e. in coverage) and Case 2 (i.e. partial coverage), but is now executed by the Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case).
34.	The Target UE or the Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case) may transmit a Location Request to trigger the initiation of the ranging/sidelink positioning procedures.
Editor’s Note: Need to determine if this step is really necessary in case the Target UE is out-of-coverage or whether there are other means to trigger ranging/sidelink positioning, such as through policies.
Step 54 is the same as for Case 1 (i.e. in-coverage) and Case 2 (i.e. partial coverage).
Step 56 from Case 1 and Case 2 (i.e. reporting ranging session to the LMF) can beis omitted since the Reference UE#1 itself supports the respective LMF functionality.
Step 67 is the same as for Case 1 (i.e. in-coverage) and Case 2 (i.e. partial coverage), but is now executed by the Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case).
78.	The Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case) instructs the Target UE and the Reference UEs (in this case Reference UE#1 and Reference UE#2) to invite Reference UE#2 to join the ranging session. The invitation will include a session identifier for the joint ranging session. The Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case) may also configure the respective UEs for ranging (if this has not been done beforehand) in this step. 
Steps 89 through 101 are the same as for Case 1 (i.e. in-coverage) and Case 2 (i.e. partial coverage).
112.	All UEs involved in the joint ranging session, in this case the Target UE and Reference UE#1 and Reference UE#2 need to report their ranging measurements/results to the Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case). 
Step 132 is the same as for Case 1 (i.e. in-coverage) and Case 2 (i.e. partial coverage), but is now executed by the Reference UE that supports a subset of the LMF functionality (i.e. Reference UE#1 in this case).

[bookmark: _Toc104304451]6.X.3	Impacts on services, entities and interfaces
Reference UE:
-	Support for ranging procedures (e.g. discovery, performing ranging signalling/measurements, etc.).
- 	Support of RSPP.
-	Optional support of a subset of LMF functionality, which may include:
· collect ranging measurements/results and calculate position
· configure Target UE and other Reference UEs for ranging
· inviting other Reference UE to a ranging session
· collecting/maintaining/providing information about other Reference UEs/ranging “constellation” information.
- 	Optional support for forwarding messages from a Target UE and other Reference UEs to the LMF and vice-versa.
Target UE:
 - 	Support for ranging procedures (e.g. discovery, performing ranging signalling/measurements, etc.).
- 	Support of RSPP. 
LMF:
-	Support of RSPP.
-	Ability to collect ranging measurements/results and calculate position. 
-	Ability to invite other Reference UEs to a ranging session.
- 	Collecting/maintaining/providing information about other Reference UEs/ranging “constellation” information.
-	Optional support to provision Reference UEs that support a subset of LMF functionality.
GMLC:
-	Optional support for receiving ranging “constellation” information via NEF or LCS client.
-	Optional support for interpreting “constellation” information to select one or more AMFs.
AMF:
-	Optional support for receiving ranging “constellation” information from GMLC.
-	Optional support for interpreting “constellation” information to select one or more LMFs.
***************************End Change****************************
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