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Abstract of the contribution: Revises solution #19 by adding LMF positioning support.
1. Introduction
[bookmark: _Toc510607461]Solution #19 is revised to add the following types of LMF positioning support:
	-	Support of MO-LR similar to TS 23.273 clause 6.2 but applied to sidelink positioning;
	-	Support of MT-LR similar to TS 23.273 clause 6.1.2 but applied to sidelink positioning; and
	-	Support of periodic or triggered MT-LR similar to TS 23.273 clause 6.3.1 but applied to sidelink positioning.
This enables Solution #19 to address key issue #5 (Network assisted Sidelink Positioning for In Network Coverage and Partial Network Coverage) as well as key issue#4 (Control of Operations for Ranging/Sidelink positioning).
2. Text Proposal
The following text is proposed to be applied to TR 23.700-86.
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Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of solutions to key issues
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*** Next Change ***
6.19	Solution #19: Support of Sidelink Positioning and Ranging signalling over different PC5 RATs
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This solution addresses the key issue#4 on " Control of Operations for Ranging/Sidelink positioning" and key issue #5 on “Network assisted Sidelink Positioning for In Network Coverage and Partial Network Coverage”. Specifically, this solution focused on supporting the control signalling over different PC5 access technologies, with minimum AS layer impacts and on supporting sidelink positioning with or without assistance from an LMF.
As described by solution#14 (clause 6.14), the system architecture supports interactions between the UEs (e.g. UE-A and UE C, UE A and UE B, or UE C and UE-D) and between UE and 5GC. For the interactions between the UEs, the operation over the SR5 reference point is carried over the PC5 reference point. Due to different deployment scenarios and operations, PC5 reference point may utilize different type of access technologies, including LTE PC5 and NR based PC5 for V2X use (as of TS 23.287 [3]), and 5G ProSe based PC5 (as of TS 23.304 [4]). For example:
-	Among V2X capable UEs, the control signaling defined for SR5 is carried out via LTE or NR PC5 (as defined in TS 23.287 [3]). The control signaling manages the actual AS layer Sidelink Positioning and Ranging signaling and measurements defined by RAN WGs.
-	Among 5G ProSe capable UEs, the control signaling for SR5 is carried out over 5G ProSe PC5 (as defined in TS 23.304 [4]). The control signaling manages the actual AS layer Sidelink Positioning and Ranging signaling and measurements defined by RAN WGs.
The function of the SR5 services, and the AS layer Sidelink Positioning and Ranging signaling and measurements defined by RAN WGs would not be affected by which PC5 RAT is used to carry the SR5 control signaling.
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Figure 6.19.2.1-1 illustrates an example UE architecture and the potential interactions of the function elements and other layers of the UE for upper protocol layers. The architecture shown in Figure 6.19.2.1-1 is aligned with that for Solution #14 clause 6.14.4 but includes more details for each upper protocol layer.


Figure 6.19.2.1-1: UE functions and architecture for sidelink positioning and ranging service
The function elements identified in clause 6.19.1 are defined as follows:
-	Device and Service Discovery Function (DSDF):
-	DSDF provides the following services to the upper layer, e.g. Application Layer:
-	a unique identifier of the UE(s) in proximity that can participate in Sidelink Positioning and Ranging service;
-	services supported by each of the UE identified, e.g. signaling protocols, pairwise ranging, group ranging;
-	communication channel and sessions with the identified UEs.
-	DSDF may receive the following information from the upper layer:
-	trigger for the discovery of UEs to participate in Sidelink Positioning and Ranging services;
-	(optional) attributes of the UEs to be discovered;
-	indication of discovery by other UEs and corresponding attributes of the other UEs;
-	Request/permission for the corresponding Sidelink Positioning and Ranging services.
-	Operation performed by DSDF:
-	Performing device and service discovery using PC5 communication service provided by ProSe or V2X layer. For example, it may perform application layer discovery using broadcast service over PC5 reference point.
-	Group Support Service Function (GSSF):
-	GSSF may be part of the Application Layer (e.g. for V2X) or may be a layer below the Application layer (e.g. for MC services);
Editor's note:	it is FFS whether GSSF is in scope for 3GPP for V2X or whether GSSF for V2X remains out of scope and part of the Application Layer.
-	GSSF (when below the Application Layer) provides the following services to the upper layer, e.g. Application Layer:
-	creating a Sidelink Positioning and Ranging service group, when the upper layer has specified the group. GSSF needs to provide group ID and group local member IDs to the upper layer. GSSF needs to also manage the group members, e.g. addition or removal of group members, splitting or merge of groups, etc. as decided by the upper layer;
-	with upper layer application layer managed group function, e.g. V2X platooning application, the GMSF provides the needed support for the group member status monitoring, i.e. indication of group members of presence and capability/status of the group members. GSSF may make use of the service of DSDF for the needed operation.
-	GSSF may receive the following information from the upper layer:
-	request for the creation or deletion of a group containing identified UEs for Sidelink Positioning and Ranging service;
-	request for the operation of a specific group member, e.g. add or remove a group member;
-	request for the management of a group, e.g. merge 2 groups or split a group into 2 separate groups.
-	Operation performed by GSSF:
-	Performing group management requested by upper layer using the PC5 communication service provided by ProSe Layer or V2X layer. The messages generated by GSSF are sent as data traffic over the PC5 reference point and does not require additional enhancements to PC5 reference point.
NOTE 1:	The group support is only for the control signalling, e.g. to determine which UE should be part of the Sidelink Positioning and Ranging session. It does not affect how AS layer positioning/ranging signal operates.
-	Sidelink Positioning and Ranging Function (SPRF):
-	SPRF provides the following services to the upper layer, e.g. Application Layer:
-	create a Sidelink Positioning/Ranging session between a specified group of UEs;
-	on-demand Sidelink Positioning/Ranging, direction, or relative location of another UE or a specified group of UEs;
-	periodic Sidelink Positioning/Ranging, direction, or relative location of another UE or a specified group of UEs;
-	triggered Sidelink Positioning/Ranging, direction, or relative location of another UE or a specified group of UEs.
-	SPRF may receive the following information from the upper layer:
-	request for current range/direction or relative location of another UE or a specified group of UEs;
-	request for periodic range/direction or relative location of another UE or a specified group of UEs;
-	request for triggered range/direction or relative location of another UE or a specified group of UEs.
NOTE 2:	The request from upper layers may originate on the UE itself (e.g. due to a user request or in support of an autonomous UE function like driving assistance for V2X) or may be received by the UE from the network (e.g. an LMF) or from an external client.
-	Operation performed by SPRF:
-	Performing control signaling between 2 UEs or among a group of 2 of more UEs to manage and coordinate the Sidelink Positioning and Ranging operations. The messages generated by SPRF are sent as data traffic over the PC5 reference point and does not require additional enhancements to PC5 reference point.
-	If the network supports Sidelink Positioning and Ranging, SPRF exchange may happen between UE and the LMF (e.g. using NAS signaling), similar to that defined in TS 23.273 [11].
-	Service Exposure Function:
-	This function allows the UE to interact with the application layer, or the AF and external client.
-	If the network supports the Sidelink Positioning and Ranging, the interactions may happen between the UE and the LMF as defined in TS 23.273 [11].
-	The exact operation of service exposure to an external client or AF is out of scope of SA WG2.
In order to support the operation over different PC5 RATs, each of the SR5 service elements is assigned a V2X Service Type (e.g. PSID, ITS-AID, or AID as of TS 23.287 [3]) and a ProSe Identifier (e.g. Application ID as of TS 23.304 [4]). For example:
-	Device and Service Discovery Function (DSDF) is assigned PSID_ DSDF, and ProSe_AppID_DSDF;
-	Group Support Service Function (GSSF) is assigned PSID_GSSF, and ProSe_AppID_GSSF;
-	Sidelink Positioning and Ranging Function (SPRF) is assigned PSID_SPRF, and ProSe_AppID_SPRF.
NOTE 3:	It is also possible that all the three services are sharing the same V2X Service Type and ProSe Identifier.
Some lower layer functions might be combined to improve efficiency of operation. For example, the GSSF and SPRF might be combined to improve efficiency and reduce complexity in creating both a group of UEs (GSSF service) and a sidelink positioning/ranging session between the UEs in the group (SPRF service).
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For a V2X capable UE (as defined in TS 23.287 [3]), it would be configured with the corresponding information in the V2XP for the service types. The following element would be included in the Policy/Parameters for V2X communications over PC5 reference point, as in clause 5.1.2.1 of TS 23.287 [3]:
3)	Policy/parameters for PC5 RAT selection and for PC5 Tx Profile selection:
-	the mapping of PSID_DSDF/PSID_GSSF/PSID_SPRF to PC5 RAT(s) (e.g. LTE PC5, NR PC5 or both), and:
-	for LTE PC5, to the corresponding Tx Profiles (see TS 36.300 [19] for further information);
-	for NR PC5, to the corresponding NR Tx Profiles for broadcast and groupcast (see TS 38.300 [8] and TS 38.331 [20] for further information).
The other configuration parameters in clause 5.1.2.1 of TS 23.287 [3] may also apply accordingly. For example, when NR PC5 RAT is selected, the configuration may further determine the support of cast types, e.g.:
6)	Policy/parameters when NR PC5 is selected:
-	The mapping of PSID_DSDF/PSID_GSSF/PSID_SPRF to the default mode of communication (i.e. broadcast mode, groupcast mode or unicast mode).
In order to carry the SR5 signaling, the non-IP PDCP SDU type is utilized AS layers over the user plane PC5 reference point (as shown in clause 6.1.1 of TS 23.287 [3]).


Legend:
-	PC5-U: The SDAP/PDCP/RLC/MAC/PHY functionality is specified in TS 38.300 [8].
-	For PDCP SDU type "Non-IP", a "Non-IP Type" header included in the SDU by upper layer to indicate the type of non-IP messages carried will be specified in stage 3 specification.

Figure 6.19.2.2-1: User Plane Lower Protocol Layers for NR PC5 reference point
In this approach, the SR5 signaling is handled as V2X Application (with PSID_DSDF/PSID_GSSF/PSID_SPRF). The non-IP PDCP SDU type is supported by both LTE PC5 and NR PC5. Therefore, regardless of the RAT selected based on policy 3) above, the transport can be supported.
The Non-IP PDCP SDU contains a Non-IP Type header, which indicates the V2X message family used by the application layer. The non-IP Type header and allowed value is defined TS 24.587 [17]. To support the signalling for SR5, a new non-IP Type header value can be added, e.g. "SR5".
NOTE:	Alternatively, each of the three SR5 services, e.g. DSDF, GSSF, SPRF, can have its own non-IP Type header value.
With the use of non-IP PDCP SDU type, there is no need to change the AS layer for carrying the SR5 signaling.
When NR PC5 is selected, broadcast, groupcast, or unicast mode can be also supported without change of AS layer.
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For a 5G ProSe capable UE, configuration regarding the SR5 signaling is configured using ProSeP, as defined in clause 5.1.3.1 of TS 23.304 [4]. For example, the policy could include the mapping of the corresponding ProSe Identifier for the SR5 services to the cast mode and the Layer-2 ID to use:
5)	Policy/parameters when NR PC5 is selected:
-	The mapping of ProSe services (e.g. ProSe_AppID_DSDF/ ProSe_AppID_GSSF/ ProSe_AppID_SPRF) to radio frequencies with Geographical Area(s).
-	The mapping of ProSe services (e.g. ProSe_AppID_DSDF/ ProSe_AppID_GSSF/ ProSe_AppID_SPRF) to Destination Layer-2 ID(s) for broadcast.
-	The mapping of ProSe services (e.g. ProSe_AppID_DSDF/ ProSe_AppID_GSSF/ ProSe_AppID_SPRF) to Destination Layer-2 ID(s) for groupcast.
-	The mapping of ProSe services (e.g. ProSe_AppID_DSDF/ ProSe_AppID_GSSF/ ProSe_AppID_SPRF) to default Destination Layer-2 ID(s) for initial signalling to establish unicast connection.
To carry the SR5 signaling messages over the PC5-U reference point as defined in clause 6.1.2 of TS 23.304 [4], there are two options:
-	Use the same non-IP PDCP SDU type as in the case of V2X UEs. Although 5G ProSe does not use the non-IP PDCP SDU type, the AS layer of 5G ProSe is shared with NR based V2X defined in TS 38.300 [8]. Therefore, the non-IP PDCP SDU type is supported without any AS layer impact.
-	Use the "unstructured" PDCP SDU type. This is supported by 5G ProSe UEs, and the separation of the DSDF, GSSF, SPRF signaling can be achieved with Destination L2 IDs as configured in ProSeP item 5) above.
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6.19.3.1	Procedure for Sidelink Positioning/Ranging for UE-only operation 
For a UE interested in Sidelink Positioning and Ranging service, it may invoke the DSDF service for discovery and to identify other UEs in proximity that support the operations. This may be based on the request from the upper layer.
Based on the pre-configuration, or provisioned policies and parameters as described in clause 6.19.2, the UE can determine the RAT (e.g. LTE PC5 or NR PC5) and corresponding Tx Profiles to be used for the DSDF, GSSF, and SPRF, based on V2X Service Type/ProSe Identifier to RAT mapping. Such configuration will also determine the communication modes to use, e.g. broadcast, groupcast, or unicast.
If it is determined that more than two UEs need to participate in the operation, the GMSF service is invoked to form the group or determine the group members' presence and status for the operation.
SPRF signalling is used for the control signalling between the UEs to determine the corresponding Sidelink Positioning and Ranging operation, e.g. the channel to use for the Sidelink Positioning or Ranging reference signal, the sequence and time slot for each of the UE to perform the signal transmission and measurements.
The UEs, e.g. UE A and UE B, or in other cases a group of UEs, carry out the Sidelink Positioning or Ranging reference signal transmission and measurements.
Based on the Sidelink Positioning or Ranging services negotiated by the SPRF signalling in the earlier phase, the UEs uses the SPRF signalling to exchange the measurement results. This enables the UEs to perform the calculation of the range/direction, or relative locations.
Depending on the SPRF signalling support, some UEs may also provide a location computation service to other UEs. When the network supports the Sidelink Positioning and Ranging service, a UE may send measurement results to an LMF, which would perform location computation on behalf of the UE.
Figure 6.19.3.1-1 shows an example of a UE-only operation for sidelink positioning/ranging procedure with a group of n UEs labelled 1 to n, where n ≥ 2. In this example, the n UEs may all have network coverage, may have partial network coverage or may all be out of coverage.


Figure 6.19.3.1-1: Procedure for Sidelink Positioning/Ranging for UE-only operation
1.	UEs 1 to n discover one another. The discovery may or may not be network assisted and may use the DSDF in each UE.
2. A sidelink positioning/ranging session may be established between the UEs 1 to n. This may be supported by the GSSF and/or SPRF. This signalling exchange happens over PC5 reference point. 
3.	UEs 1 to n exchange sidelink positioning/ranging capabilities – e.g. using SPRF signalling over PC5.
4.	Transmission and measurement of Sidelink Reference Signals is configured in UEs 1 to n – e.g. by one coordinating UE or in a distributed manner.
5.	Transmission and measurement of Sidelink Reference Signals are performed by each of UEs 1 to n according to the configurations at step 4.
6.	UEs 1 to n exchange the sidelink measurements obtained at step 5 - e.g. using SPRF signalling.
7.	UEs 1 to n calculate sidelink positioning/ranging location results from the sidelink measurements obtained at steps 5 and 6. The sidelink positioning/ranging location results may include absolute locations, relative locations and/or ranges for the UEs 1 to n. The calculation may be distributed over all UEs 1 to n or may be centralized in one UE or in a few UEs.
9.	UEs 1 to n may exchange the sidelink positioning/ranging location results obtained at step 7 - e.g. using SPRF signalling. Steps 5-8 or steps 4-8 may be repeated.
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Sidelink positioning/ranging of a group of 2 or more UEs that are in network coverage or partial network coverage may be instigated by the UEs themselves and assisted by an LMF using the 5GC-MO-LR procedure in TS 23.273 clause 6.2 [11] with some enhancements. A reason to reuse and enhance the existing MO-LR procedure is to reduce new impacts to UEs, 5GCN and LCS Client and AF. Figure 6.19.3.2-1 shows the enhanced MO-LR procedure applied to n UEs labelled 1 to n, where n ≥ 2. The procedure is invoked by one UE, assumed to be UE1 in Figure 6.19.3.2-1. At least one of the UEs (UE1 in this example) must be in network coverage though other UEs may or may not be in coverage.


Figure 6.19.3.2-1: MO-LR Procedure for Sidelink Positioning/Ranging with LMF Assistance
1.	UE1 discovers UEs 2 to n. The discovery may or may not be network assisted and may be supported by the DSDF in each UE.
2.	UE1 obtains the sidelink positioning capabilities of UEs 2 to n – e.g. using SPRF.
3.	If UE1 determines that assistance data from LMF is needed and/or location calculation assistance from the LMF is needed and/or whether the sidelink positioning/ranging location results should be transferred to an LCS Client or AF, it sends a supplementary services MO-LR request to the serving AMF as in steps 1 and 2 of clause 6.2 in TS 23.273 [11]. The MO-LR request includes a request for sidelink positioning/ranging and indicates the other UEs 2 to n. The MO-LR Request indicates the request to LMF, e.g. assistance data, location calculation assistance, results transfer to LCS client or AF.  For transfer to an LCS Client or AF, details of the LCS Client or AF (and possibly of a GMLC) and global identities for all UEs are also included. For location calculation assistance from the LMF, the preferred type of sidelink positioning/ranging location results (e.g. absolute locations, relative locations or ranges between pairs of UEs) are included and QoS.
4.	The serving AMF selects an LMF (e.g. an LMF that supports sidelink positioning/ranging) and sends an Nlmf_Location_DetermineLocation service operation towards the LMF with the information from the MO-LR Request.
5.	The LMF sends a request (e.g. an SPRF request) to UE1 for the capabilities of all UEs 1 to n. 
6.	UE1 returns its capabilities and the capabilities for UEs 2 to n obtained at step 2 to the LMF. This could instead occur as part of step 3 – e.g. if an SPRF message carrying the capabilities is embedded in the MO-LR Request. The capabilities may include the RATs and frequencies supported by each of the UEs 1 to n for sidelink positioning/ranging.
7.	If UE1 indicates assistance data is needed at step 3, UE1 sends a request for specific assistance data to the LMF. As with step 6, this step could also occur as part of step 3 - e.g. if an SPRF message indicating the requested assistance data is embedded in the MO-LR Request
8.	If step 7 occurs, the LMF returns the requested assistance data to UE1. The assistance data may assist UEs 1 to n to obtain sidelink location measurements and/or may assist UE1 to calculate sidelink positioning/ranging location results.
9.	If the MO-LR request at step 3 indicated location calculation assistance is needed and/or indicated transfer of sidelink positioning/ranging location results to an LCS Client or AF, the LMF sends a request for location information to UE1.
10.	UE1 instigates a sidelink positioning/ranging procedure among UEs 1 to n, e.g. as in steps 2-6 of Figure 6.19.3.1-1. This step can be supported using any assistance data received at step 8. As part of this step, the UEs 1 to n obtain sidelink location measurements of sidelink signals transmitted by other UEs.
11.	If UE1 did not request location calculation assistance from the LMF at step 3, UE1 calculates sidelink positioning/ranging location results for itself and possibly for each of the other UEs 2 to n based on the sidelink location measurements obtained at step 10 and possibly using any assistance data received at step 8, The sidelink positioning/ranging location results can include absolute locations, relative locations or ranges between pairs of the UEs 1 to n. Some or all of the location calculation might be performed by some or all of the UEs 2 to n with the location results then transferred to UE1.
12.	If UE1 received a request for location information at step 9, UE1 sends a response to the LMF and includes either the sidelink location measurements obtained at step 10 or the sidelink positioning/ranging location results obtained at step 11 if step 11 occurred.
13.	If step 12 occurred and if location calculation assistance from the LMF was requested at step 3, the LMF calculates sidelink positioning/ranging location results for UEs 1 to n from the sidelink location measurements received at step 12. The sidelink positioning/ranging location results can include absolute locations, relative locations or ranges between pairs of the UEs 1 to n.
14.	The LMF returns an Nlmf_Location_DetermineLocation service operation response to the AMF and includes any sidelink positioning/ranging location results received at step 12 or calculated at step 13.
15.	If sidelink positioning/ranging location results were received at step 14, the AMF performs steps 7-12 of clause 6.2 in TS 23.273 [11] to send the sidelink positioning/ranging location results to the GMLC and to an AF or LCS Client if this was requested at step 3. The sidelink positioning/ranging location results include the global identities for UEs 2 to n received at step 3 (and the global identity of UE1).
NOTE:	Sending location results and global identities for UEs 2 to n to an AF or LCS Client may require privacy verification from UEs 2 to n and/or from the HPLMNs of UEs 2 to n (as well as privacy verification for UE1).
16.	The LMF returns a supplementary services MO-LR response to UE1 and includes any sidelink positioning/ranging location results calculated at step 13 if step 13 was performed. UE1 may then transfer any sidelink positioning/ranging location results to UEs 2 to n.
6.19.3.3	MT-LR Procedure for Sidelink Positioning/Ranging with LMF Assistance
Sidelink positioning/ranging location results for a group of 2 or more UEs that are in network coverage or partial network coverage may be requested by an LCS Client or AF and assisted by an LMF using the 5GC-MT-LR procedure in TS 23.273 clause 6.1.2 [11] with some enhancements. A reason to reuse and enhance the existing MT-LR procedure is to reduce new impacts to UEs, 5GCN and LCS Client and AF. Figure 6.19.3.3-1 shows the enhanced MT-LR procedure applied to n UEs 1 to n where n ≥ 2. Typically this requires the LCS Client or AF to be aware that UEs 1 to n are or may be nearby to one another. This may be possible in some IIoT scenarios (e.g. factory or warehouse) or when the AF or LCS Client has other information indicating this. At least one the UEs (UE1 in this example) must be in network coverage though other UEs may or may not be in coverage.


Figure 6.19.3.3-1: MT-LR Procedure for Sidelink Positioning/Ranging with LMF Assistance
1.	An LCS Client or AF initiates an MT-LR procedure as in steps 1-11 of clause 6.1.2 of TS 23.273 [11]. The LCS Client or AF includes global identities of the n UEs 1 to n and may indicate one UE (assumed to be UE1 here) as the principal target UE. If the LCS Client or AF does not indicate a principal target UE that is in network coverage, the GMLC or AMF selects a principal target UE from among UEs 1 to n. The principal target UE must have network coverage and preferably with the PLMN that is serving the LCS Client or AF. The principal target UE later receives the MT-LR request and coordinates sidelink positioning/ranging among the other UEs. Therefore, in step 5 of clause 6.1.2 of TS 23.273 [11], the location request is sent to the serving AMF of the principal target UE. The MT-LR location request at step 1 of clause 6.1.2 of TS 23.273 [11] includes the type of sidelink positioning/ranging location results needed (absolute locations, relative locations or ranges between pairs of UEs), QoS and includes conditions for cancelling the location request when not all UEs 1 to n can be discovered for positioning. The conditions for cancelling the location request may include:
		-	One or more specific identified UEs cannot be discovered; and/or
		-	The total number of UEs 1-n that are discovered is less than a quorum q, where 1 ≤ q ≤ n.
NOTE 1:	Privacy verification may need to be performed for all n UEs 1 to n. If all n UEs have the same HPLMN, this can be performed by the H-GMLC at step 2 of clause 6.1.2 of TS 23.273 [11]. If all n UEs are in network coverage and have the same serving AMF, privacy notification/verification for each of the UEs 1 to n (if  needed) can be performed by the common serving AMF at steps 7 and 8 in clause 6.1.2 of TS 23.273 [11]. If some of the UEs 1 to n have a different HPLMN, are not in network coverage or have a different serving AMF, some additional support not defined here may be needed.
2.	The LMF sends a supplementary services MT-LR request to the principal target UE1 and includes the global identities of the other UEs 2 to n, the conditions for cancelling the location request when not all UEs 1 to n can be discovered and may include the types of sidelink positioning/ranging location result needed.
3.	UE1 attempts to discover the other UEs 2 to n if not already discovered. If not all UEs 2 to n are discovered and if the conditions for cancelling the location request when not all UEs 1 to n can be discovered are met, UE1 returns a negative response at step 5 and the procedure terminates after the LMF returns the negative response to the LCS Client or AF via the AMF and GMLC.
4.	UE1 obtains (e.g. requests and receives) the sidelink positioning capabilities of UEs 2 to n if not already obtained.
5.	UE1 returns a supplementary services MT-LR response to the LMF indicating if the MT-LR request can be supported and which of UEs 2 to n have been discovered and are available for positioning. 
6.	Sidelink positioning/ranging of the UEs 1 to n occurs as for an MO-LR as described for steps 5-13 of Figure 6.19.3.2-1 with the difference that sidelink positioning/ranging location results are always obtained and the LMF indicates to UE1 at step 8 or step 9 of Figure 6.19.3.2-1 whether the sidelink positioning/ranging location results will be calculated by the LMF or by UE1 (and/or by other UEs).
7.	The LMF returns the sidelink positioning/ranging location results for UEs 1 to n to the LCS Client or AF as in steps 13-24 of clause 6.1.2 in TS 23.273 [11].
NOTE 2:	The additional privacy check at steps 16-23 of clause 6.1.2 in TS 23.273 [11] is possible if all UEs 1 to n have the same HPLMN and same serving AMF but could otherwise require some extension of the procedure in clause 6.1.2 in TS 23.273 [11].
6.19.3.4	Periodic or Triggered MT-LR Procedure for Sidelink Positioning/Ranging with LMF Assistance
Sidelink positioning/ranging results for a group of 2 or more UEs that are in network coverage or partial network coverage may be requested periodically or when certain trigger events occur by an LCS Client or AF and may be assisted by an LMF using the periodic or triggered 5GC-MT-LR procedure in TS 23.273 clause 6.3.1 [11] with some enhancements. A reason to reuse and enhance the existing periodic or triggered MT-LR procedure is to reduce new impacts to UEs, 5GCN and LCS Client and AF. Figure 6.19.3.4-1 shows the enhanced periodic or triggered MT-LR procedure applied to n UEs 1 to n where n ≥ 2. Typically this requires the LCS Client or AF to be aware that UEs 1 to n are or may be nearby to one another over the whole duration of location reporting. This may be possible in some IIoT scenarios (e.g. factory or warehouse) or when the AF or LCS Client has other information indicating this. At least one the UEs (UE1 in this example) must be in network coverage though other UEs may or may not be in coverage.


Figure 6.19.3.4-1: Periodic or Triggered MT-LR Procedure for Sidelink Positioning/Ranging with LMF Assistance
1.	An LCS Client or AF initiates a periodic or triggered MT-LR procedure as in steps 1-14 of clause 6.3.1 of TS 23.273 [11]. The LCS Client or AF includes additional information in the location request for step 1 in clause 6.3.1 of TS 23.273 [11] as described for step 1 of Figure 6.19.3.3-1. A principal target UE (UE1 here) is also selected as described for step 1 of Figure 6.19.3.3-1. For triggered location reporting, different trigger events may be supported than for clause 6.3.1 of TS 23.273 [11]. Some examples of different trigger types are as follows:
		-	area event trigger where any one UE (or all UEs) enters an area, remains in an area or leaves an area;
-	motion event trigger where any one UE (or all UEs) moves by more than a threshold distance from a previous position; and 
-	range trigger where a particular type of range rises above a threshold, falls below a threshold and/or increases or decreases by more than a threshold amount. The particular type of range could be any of the following:
			-	the maximum range of all ranges between all pairs of the UEs 1 to n
			-	the minimum range of all ranges between all pairs of the UEs 1 to n
-	the minimum range between any UE and each of the other n-1 UEs (there are n minimum ranges corresponding to the n UEs and the trigger occurs when any of the n minimum ranges crosses a threshold)
-	the maximum range between any UE and each of the other n-1 UEs (there are n maximum ranges corresponding to the n UEs and the trigger occurs when any of the n maximum ranges crosses a threshold)
NOTE 1:	Privacy verification may be supported as described for NOTE 1 in clause 6.19.3.3.
2.	The LMF instigates MT-LR sidelink positioning/ranging of the UEs 1 to n as in steps 2-6 of Figure 6.19.3.3-1. The LMF may verify whether the conditions are met for cancelling the location request when not all UEs 1 to n are discovered (in which case the location request is cancelled by the LMF) and may obtain the capabilities of the UEs 1 to n but may not always obtain immediate sidelink positioning/ranging location results. 
3.	The LMF sends a supplementary services LCS Periodic-Triggered Invoke Request to UE1 as in step 16 for clause 6.3.1 of TS 23.273 [11] and includes the event trigger(s) provided in step 1 and indicates sidelink positioning/ranging of the UEs 1 to n.
4.	UE1 may establish a periodic or triggered sidelink positioning session with UEs 2 to n (e.g. using GSSF and/or SPRF) which can enable UEs 2 to n to participate in detecting trigger events for step 7 (e.g. events which affect some or all of UEs 2 to n) and speed up sidelink positioning/ranging at step 8 by configuring UEs 2 to n in advance. 
5.	UE1 returns an LCS Periodic-Triggered Invoke Response to the LMF as in step 17 for clause 6.3.1 of TS 23.273 [11] and may indicate which of UEs 2 to n can support the periodic or triggered sidelink positioning/ranging.
6.	The LMF sends a confirmation of whether periodic or triggered sidelink positioning/ranging was successfully activated in UE1 (and UEs 2 to n) to the LCS Client or AF using steps 18-21 in clause 6.3.1 of TS 23.273 [11].
7.	UE1 waits for an event to be detected, may then obtain sidelink positioning/ranging measurements and possibly calculate sidelink positioning/ranging location results, sends a supplementary services event report to the LMF and receives back an event report acknowledgement as for steps 22-26 for clause 6.3.1 of TS 23.273 [11]. Differences here are that detection of an event by UE1 may depend on detecting an event related to one or more of UEs 1 to n and that any sidelink positioning/ranging measurement and calculation of location results may require interaction between UEs 1 to n (e.g. using SPRF).
8.	If sidelink positioning/ranging location results for UEs 1 to n are needed and were not provided to the LMF as part of step 7, the LMF performs sidelink positioning/ranging of UEs 1 to n as in steps 5-13 of Figure 6.19.3.2-1.
9.	The LMF sends an event report to the LCS Client or AF as in steps 28-30 in clause 6.3.1 of TS 23.273 [11] and includes any sidelink positioning/ranging location results obtained at step 7 or step 8. If sidelink positioning/ranging location results are provided for only some of UEs 1 to n (e.g. in several successive event reports), the GMLC or LCS Client or AF may cancel the periodic or triggered sidelink positioning/ranging as in clause 6.3.3 in TS 23.273 [11] with some additional steps to propagate the cancellation to the other UEs 2 to n.
10.	Steps 7-9 are repeated until the periodic or triggered sidelink positioning/ranging is cancelled or has attained a maximum duration or maximum number of event reports.
6.19.4	Impacts on services, entities, and interfaces
A UE supporting Sidelink Positioning and Ranging services needs to support the following new service functions:
-	DSDF;
-	GSSF;
-	SPRF.
No change to the existing AS layer PC5 communication service.
NOTE 1:	Security protection of signaling for DSDF, GSSF, and SPRF needs to be reviewed by SA WG3.
V2X UE supports new non-IP header type value for SR5 signalling.
NOTE 2:	RAN WGs will determine the necessary AS layer enhancement for Sidelink Positioning or Ranging reference signal transmission and measurements.
NOTE 3:	New QoS parameters, e.g. default PPPP level or standardized PQI, may need to be specified for the DSDF, GSSF, SPRF signaling.
An LMF may assist sidelink positioning/ranging for a group of UEs to support an MO-LR, where the positioning/ranging is instigated by a UE, an MT-LR where positioning/ranging location results for a group of UEs are requested by an LCS Client or AF, and periodic or triggered MT-LR where an LCS Client or AF requests periodic or triggered positioning/ranging location results for a group of UEs. LMF assistance may reduce impacts to UEs - e.g. by allowing an LMF to provide assistance data to the UEs and/or calculate positioning/ranging location results for the UEs.


*** End of Changes ***
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