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[bookmark: _Toc20203939][bookmark: _Toc27894624][bookmark: _Toc36191691][bookmark: _Toc45192777][bookmark: _Toc47592409][bookmark: _Toc51834490][bookmark: _Toc83303923][bookmark: OLE_LINK1]* * * First Change * * * 
[bookmark: _Toc131157587]4.3.8	Location Management Function, LMF
The LMF manages the overall co-ordination and scheduling of resources required for the location of a UE that is registered with or accessing 5GCN. It also calculates or verifies a final location and any velocity estimate and may estimate the achieved accuracy. The LMF receives location requests for a target UE from the serving AMF using the Nlmf interface. The LMF interacts with the UE in order to exchange location information applicable to UE assisted and UE based position methods and interacts with the NG-RAN, N3IWF or TNAN in order to obtain location information.
The LMF shall determine the result of the positioning in geographical co-ordinates as defined in TS 23.032 [8] and/or in local co-ordinates as defined in TS 23.032 [8]. If requested and if available, the positioning result may also include the velocity of the UE. The coordinate type(s) is determined by LMF when receiving a location request, based on LCS Client type and supported GAD shapes. If the location request indicates regulatory LCS Client type the LMF shall determine a geographical location and optionally a location in local coordinates. For location request indicates a value added LCS Client type, the LMF may determine the UE location in local coordinates or geographical co-ordinates or both. If the supported GAD shapes is not received or Local Co-ordinates is not included in the supported GAD shapes, the LMF shall determine a geographical location.
NOTE 1:	Some RAT independent position methods (e.g. GNSS based position methods) can only determine a UE location in geographical co-ordinates. In such a case, the LMF may translate a UE location in geographical co-ordinates into a location in local co-ordinates when an origin for the local co-ordinates has known global coordinates. When an origin for the local co-ordinates does not have known global coordinates, position methods that can only determine a UE location in geographical co-ordinates cannot be used to determine a UE location in local co-ordinates.
Additional functions which may be performed by an LMF to support location services include the following.
-	Support a request for a single location received from a serving AMF for a target UE.
-	Support a request for periodic or triggered location received from a serving AMF for a target UE.
-	Determine type and number of position methods and procedures based on UE and PLMN capabilities, QoS, UE connectivity state per access type, LCS Client type, co-ordinate type and optionally service type and indication of requiring reliable UE location information.
-	Report UE location estimates directly to a GMLC for periodic or triggered location of a target UE.
-	Support cancelation of periodic or triggered location for a target UE.
-	Support the provision of broadcast assistance data to UEs via NG-RAN in ciphered or unciphered form and forward any ciphering keys to subscribed UEs via the AMF.
-	Support change of a serving LMF for periodic or triggered location reporting for a target UE.
-	Support of receiving stored UE Positioning Capability from AMF and support of providing updated UE Positioning Capability to AMF.
-	Map the UE location to a geographical area where the PLMN is or is not allowed to operate based on the request from AMF.
-	Support determination of a UE location at a scheduled location time.
-	Determine whether to use user plane or control plane for positioning.
-	Support handling of 5GC-MT-LR, 5GC-NI-LR, 5GC-MO-LR and deferred 5GC-MT-LR for periodic or triggered location over a user plane connection between UE and LMF.
Editor's note:	LMF functionality of user plan connection handling will be updated according to the protocol stack decision made by CT WG1 and SA WG3 groups.
-	Support collection of GNSS assistance data from AFs.
-	Support service level PRU Association, PRU Association update or PRU Disassociation.
-	LMF supports verification of a PRU initiated Association or Disassociation by checking whether there is an PRU verified indication from AMF.
-	LMF stores the received PRU information contained in service level PRU Association message.
-	LMF may indicate support of PRU function to NRF via NF profile and may further send the PRU information to NRF via NF profile update.
-	LMF may request a PRU to associate to a new LMF by returning a Routing ID of the new LMF.
-	Support selection of a PRU based on stored PRU information if the LMF needs to obtain the location measurements from the PRU to assist positioning of a target UE.
-	Support to obtain PRU location measurements as described in clause 5.4.5 of TS 38.305 [9] by triggering the procedure in clause 6.11.
-	Support to obtain PRU location measurements from other PRU serving LMF(s).
-	As a serving LMF of target UE(s), support discovery and selection of other PRU serving LMF(s) by querying the NRF and support to request PRU location measurements from the selected LMF(s).
-	As a serving LMF of PRU(s), support to provide PRU location measurements to other LMF(s) after receiving a request from other LMF(s).
-	Support to determine UE location by considering obtained PRU location measurements.
Editor's note:	Whether and how AF provides PRU information (e.g. known location) on behalf of a PRU to network is FFS.
NOTE 2:	Country, area within a country, or an international area can be supported as different types of geographical area.
-	Support a request for user plane reporting from a UE to an LCS Client or AF for a periodic or triggered 5GC-MT-LR. Subsequently, support the transfer of cumulative event reports from the target UE via control plane back to the H-GMLC and LCS Client or AF. Also support any request for assistance data received in a cumulative event report.
-	Determine UE location for a UE connecting to a MBSR based on location and velocity of the MBSR and the timing of the location estimations for the target UE and MBSR.
* * * Second Change * * * 
[bookmark: _Toc131157590]4.3.11	Positioning Reference Unit, PRU
A UE may support the functions of a PRU. The PRU supports the following functions including functions defined in TS 38.305 [9]:
-	Support service level association, association update and disassociation with a serving LMF.
-	The PRU sends service level association, association update or disassociation to LMF via LCS supplementary service message.
-	Support association with multiple LMFs. e.g. for the case a PRU is in multiple LMF overlapped serving areas.
-	The PRU information included in a PRU association or PRU association update contains one or more than one of the following aspects:
-	PRU Positioning Capabilities.
-	Location information if known.
Editor's note:	It is FFS whether PRU static/mobile type and ON/OFF state is needed in PRU information.
* * * Third Change * * * 
[bookmark: _Toc131157648]5.15	Support of Low Power and High Accuracy Positioning
Service requirements for low power and high accuracy positioning (LPHAP) is defined in TS 22.261 [3] and TS 22.104 [39]. Support of low power and high accuracy positioning is optional in this release of specification.
Low power and high accuracy positioning is supported via subscription and in the LCS related subscriber data in the UDM, an LPHAP indication may be included.
During the positioning procedure, AMF provides the LPHAP indication to the LMF. The LPHAP indication is either obtained from the GMLC, or stored in the UE LCS context received during UE registration procedure.
If LMF receives from AMF of the LPHAP indication in the location request, LMF determines appropriate positioning method, e.g. network-based positioning method, or may determine to trigger the low power periodic and triggered 5GC-MT-LR procedures in clause 6.7 by taking into account the LPHAP indication. In addition, LMF also sends LPHAP indication to RAN in the positioning procedure, as defined in clause 6.11.2.
Editor's note:	whether Low power and/or High Accuracy capability/preference can be indicated by the UE to the network is FFS.


* * * Fourth Change * * * 
[bookmark: _Toc131157704]6.16.1	Reporting of Location Events to an LCS Client or AF via user plane
Figure 6.16.1-1 shows a procedure for event reporting from a UE to an LCS Client or AF when a User Plane connection is established directly from the UE to the LCS Client or AF. This procedure is applicable when the target UE is able to determine its location.


Figure 6.16.3-1: Reporting of Location Events to an LCS Client or AF via user plane
1.	Steps 1-21 in clause 6.3.1 for the deferred 5GC-MT-LR procedure for periodic or triggered location are performed with the following differences.
-	At step 1, the LCS Client or AF includes a request for user plane reporting in the LCS Service Request and may include a user plane address of the LCS Client or AF and security information to enable a secure connection. The H-GMLC verifies that both the target UE and the LCS Client or AF are subscribed to user plane reporting. If the LCS Client or AF did not include a user plane address or security information, the H-GMLC obtains a default user plane address and/or default security information from subscription data for the LCS Client or AF. The H-GMLC determines criteria for sending cumulative events reports over control plane. The criteria can include a cumulative event report timer and/or a maximum number of user plane event reports.
-	At steps 4, 5 and 14, the request for user plane reporting, the user plane address, the security information and the criteria for sending cumulative events reports over control plane are forwarded in sequence to the V-GMLC (if used), serving AMF and LMF.
-	At step 15, the LMF verifies that the UE is able to support position methods that allow the UE to determine its own location.
-	At step 16, the LMF includes the request for user plane reporting, the user plane address, the security information and the criteria for sending cumulative events reports in the supplementary services LCS Periodic-Triggered Invoke Request sent to the target UE.
-	At step 17, the target UE indicates to the LMF whether event reporting via user plane can be supported by the target UE. If event reporting via user plane cannot be supported by the target UE, a failure response is returned to the LCS Client or AF at steps 18-21.
2.	The UE establishes a secure user plane connection to the LCS Client or AF using the user plane address and the security information received at step 1.
Editor's note:	Support of a secure user plane connection and suitable security information needs to be determined by SA WG3. The type of user plane connection (e.g. TCP/IP) needs to be determined at stage 3.
3.	The UE monitors for and detects the occurrence of a trigger or periodic event as described for step 22 of the procedure in clause 6.3.1.
4a.	The UE obtains location measurements and determines a current location.
4b.	If the UE is unable to determine its location at step 4a, the UE sends an event report to the LCS Client or AF over control plane as described for steps 24-30 in clause 6.3.1.
5.	The UE sends an Event Report to the LCS Client or AF over the secure user plane connection established at step 2. The event report indicates the type of event being reported and includes the location determined at step 4a.
6.	The LCS Client or AF returns an Event Report Acknowledgment to the UE over the secure user plane connection established at step 2.
Editor's note:	Whether the event report and event report acknowledgment reuse existing supplementary services messages or are defined using a new protocol needs to be determined at stage 3.
7.	The UE continues to monitor for and detect further trigger or periodic events as at step 3 and repeats steps 4-6 for each detected trigger or periodic event.
8.	The UE monitors the criteria received at step 1 for sending of cumulative event reports. If a cumulative event report timer was received at step 1, the UE starts the timer following step 1 and after each cumulative event report is sent. If a maximum number of user plane event reports was received at step 1, the UE maintains a count of the number of user plane event reports sent at step 5. When the cumulative event report timer expires or when the count of user plane events reports sent at step 5 reaches the maximum number of user plane event reports, the UE sends a cumulative event report and restarts the timer and the count of user plane event reports. The UE sends the cumulative event report to the LMF, H-GMLC and LCS Client or AF over the control plane portion of the periodic or triggered deferred 5GC-MT-LR using steps 25-30 of the procedure in clause 6.3.1. The cumulative event report indicates to the LMF, H-GMLC and External LCS Client or AF that the control plane portion of the periodic or triggered deferred 5GC-MT-LR is still active, that the UE is reporting events via user plane and may include statistics on the events reported since the last cumulative event report was sent (e.g. the number of event reports).
	A target UE may also send a cumulative event report at step 8 to obtain assistance data from the LMF to assist with location at step 4a. In this case, the target UE includes a positioning LPP request for assistance data in the cumulative event report sent to the LMF at step 25 in clause 6.3.1 and the LMF uses step 27 in clause 6.3.1. to return the requested assistance data to the target UE. In this case, the cumulative event report timer and the count of user plane event reports are restarted and a cumulative event report is sent on to the H-GMLC and LCS Client or AF by the LMF (but without the embedded positioning LPP request for assistance data).
	During step 8, the LMF change procedure in clause 6.4 may be used to forward the cumulative event report (and any request for assistance data) to another LMF if the current LMF can no longer support the periodic or triggered MT-LR due to a change in target UE location (e.g. a change to the target UE TAI). In this case, the new LMF can return any assistance data to the UE (if this was requested) and can forward the cumulative event report to the H-GMLC and LCS Client or AF.
NOTE:	When using step 8 to request assistance data, the UE may perform step 8 well before performing step 4a for a user plane event report in order to avoid extra delay in sending the user plane event report.
9.	After the UE has sent the final event report and received an acknowledgment using steps 5 and 6 or step 4b, the UE shall release the user plane connection to the LCS Client or AF if the LCS Client or AF has not yet initiated release of the user plane connection
* * * Fifth Change * * * 
[bookmark: _Toc131157710]6.17.4	Positioning of a target UE
Editor's note:	The procedure may be further updated based on RAN WG feedback regarding the support of simultaneous measurements of PRU(s) and target UE.
Figure 6.17.4-1 shows a procedure used by a serving LMF for a target UE to obtain a location of the target UE using location information provided by one or more PRUs.


Figure 6.17.4-1: Location of a target UE using PRUs
1.	The serving LMF for the target UE and other PRU serving LMFs may use the procedures defined in clause 6.11 to obtain location information from one or more PRUs associated in the serving LMF and in the other PRU serving LMFs that is not related to the target UE. For example, the location information may include location information for the PRU(s) or for the NG-RAN or both.
2.	The serving LMF for the target UE receives a location request from the serving AMF for the target UE. The location request may be included in an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR for the target UE. Alternatively, the location request may be implied by receipt of an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR.
3.	The serving LMF uses the procedures defined in clause 6.11 to obtain location information for the target UE from the target UE and/or from the NG-RAN. During the procedures, the LMF decides to use PRUs to improve the positioning result.
4.	The serving LMF selects one or more PRUs associated with the serving LMF to assist in locating the target UE. The selected PRU(s) may be nearby to an initial location estimate for the target UE obtained at step 3 or indicated by a serving cell identifier for the target UE received at step 2.
NOTE 1:	The PRU selection criteria are implementation specific and may be based on operator policies.
5.	The serving LMF may optionally invoke an Nnrf_NFDiscovery Request service operation to an NRF. The service operation includes a PRU indication and an area which could be a list of cells or TAs decided by the serving LMF of the target UE based on the serving cell of the target UE.
6.	If step 5 is performed, the NRF selects one or more other PRU serving LMFs based on the PRU indication and the area received in step 5 and sends an Nnrf_NFDiscovery Response to the serving LMF of target UE. The service operation includes the profiles of the other PRU serving LMFs selected by the NRF. Each profile may include PRU information, e.g. a PRU identifier, PRU location.
7.	If steps 5 and 6 are performed, the serving LMF of the target UE may send an Nlmf_Location_MeasurementData Request service operation to one or more of the other PRU serving LMFs indicated at step 6. The service operation for each of the other PRU serving LMFs includes target UE cell ID or one or more PRU identifiers received at step 6 for this LMF, and an indication of location measurements requested from each PRU.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]8.	The serving LMF uses the procedure defined in clause 6.11.1 to obtain location information related to the target UE from the PRU(s) selected at step 4.
Editor's note:	Location information for a target UE obtained from a PRU needs to be verified by RAN.
9.	If steps 5-7 are performed and if PRU information is included in the PRU serving LMF profile sent by the NRF to the target UE serving LMF, each of the other PRU serving LMFs for step 7 uses the procedure defined in clause 6.11.1 to obtain the location measurements requested at step 7 from each of the PRUs identified at step 7 for this LMF.
	If steps 5-7 are performed and if PRU information is not included in the PRU serving LMF profile sent by the NRF to the target UE serving LMF, each of the other PRU serving LMFs for step 7 selects one or more PRUs based on the locally associated PRU information and information in the location measurements requested (e.g. the target UE cell ID), and uses the procedure defined in clause 6.11.1 to obtain the location measurements requested at step 7 from each of the selected PRUs.
NOTE 2:	Steps 3, 8 and 9 can be performed in any order, including simultaneously. A common scheduled location time may be used if the LMF determines that simultaneous measurements for UE and PRU(s) are desirable.
10.	If step 9 is performed, each of the other PRU serving LMFs for step 9 returns the location measurements obtained from PRUs at step 9 to the serving LMF for the target UE.
11.	The serving LMF for the target UE determines the location of the target UE based on the location information obtained at step 1 (if step 1 is performed), step 3, step 8 and step 10.
12a.	If an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR was received at step 2, the serving LMF returns the location estimate of the target UE to the serving AMF.
12b.	If an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR was received at step 2, the serving LMF sends an event report for the target UE to a GMLC with the location estimate obtained at step 11 as described in clause 6.3.1.
* * * Sixth Change * * * 
[bookmark: _Toc131157713]6.18.1	LMF initiated User Plane Connection
LMF may trigger the user plane connection establishment after receiving a location request from AMF if target UE does not have user plane connection with LMF. AMF also subscribes from LMF the status of LCS user plane connection for the target UE, using a Nlmf_Location_UPNotify Subscribe message if the UE supports user plane positioning. Figure 6.18.1-1 shows a procedure triggered by LMF to support positioning over the user plane connection between UE and LMF.


Figure 6.18.1-1: Positioning via a User Plane Connection between UE and LMF initiated by LMF
1.	Based on UE user plane positioning capability and other implementation factors, LMF decides whether to continue the position procedure via a user plane connection between UE and LMF.
	Steps 2-7 are skipped if there is already a user plane connection context of the target UE in LMF and LMF determines to utilize the user plane connection for positioning.
NOTE:	LMF can select user plane positioning for specific positioning methods (e.g. motion sensor-based method) and it is based on implementation and local configuration to determine which positioning method requires user plane transport.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.	[Conditional] If LMF decides to utilize user plane for positioning and there is no established secure user plane connection between the UE and LMF, LMF sends a user plane information to AMF to indicate UE to utilize user plane for positioning. The user plane information includes the user plane positioning address of the LMF, security related information.
Editor's note:	The security mechanism and security information provided by LMF to UE is subject to SA WG3's work. It is FFS how the UE user plane positioning capability and LMF user plane information is transferred, e.g. based on enhanced LPP, supplementary service or NAS message.
3.	[Conditional] When AMF receives the user plane information from LMF in step 2, AMF sends it to UE via a DL NAS TRANSPORT message.
4.	[Conditional] If there is no established applicable PDU session for the user plane positioning, the UE uses the URSP as defined in TS 23.503 [41] which includes user plane positioning related PDU session parameters, e.g. a dedicated DNN and S-NSSAI, to establish the PDU session for user plane positioning. UE may send an acknowledgement to LMF through AMF to indicate a success of utilization of a user plane connection for positioning service or a failure to utilize the user plane connection, e.g. no suitable PDU session established.
5.	[Conditional] AMF sends the acknowledgement received in step 4 to the LMF via Namf_N1messageNotify service.
6.	[Conditional] If LMF knows the UE IP address information, LMF may notify UE to setup the secure user plane connection through the known UE IP address.
Editor's note:	It is stage 3 to check and decide the protocol used by LMF to notify UE through the known UE IP address.
7.	[Conditional] UE establishes a secured user plane connection with LMF. If LMF send its FQDN to the UE, a DNS server/resolver is used to resolve the IP address of LMF (e.g. EASDF or local DNS for local LMF address resolution).
Editor's note:	IP address and/or FQDN as LMF address information needs to be checked/verified based on CT1/CT3 feedback.
8.	[Conditional] LMF indicates AMF in the Nlmf_Location_UPNotify message that user plane connection between the UE and LMF has been established.
9.	[Conditional] The AMF stores the LCS-UP connection context as part of UE context.
10.	If LMF or UE determines to utilize the user plane connection for positioning and the secure user plane connection is established, LPP messages are transferred between UE and LMF for UE based positioning, UE assisted positioning and delivery of assistance data. Supplementary services event report messages from UE may also be transferred to LMF via the established user plane connection.
* * * End of Changes * * * 
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