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[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc162413242][bookmark: _Toc153792571][bookmark: _Toc145928531][bookmark: _Toc131157582][bookmark: _Toc131157647][bookmark: _Toc51769125][bookmark: _Toc11137165][bookmark: _Toc27846628][bookmark: _Toc36187756][bookmark: _Toc59095475][bookmark: _Toc27846554][bookmark: _Toc20149834][bookmark: _Toc47342502][bookmark: _Toc59095553][bookmark: _Toc51769202][bookmark: _Toc45183583][bookmark: _Toc47342425][bookmark: _Toc45183660][bookmark: _Toc5026447][bookmark: _Toc36187679][bookmark: _Toc20149762][bookmark: _Toc114665633]4.3.7	Access and Mobility Management Function, AMF
The AMF contains functionality responsible for managing positioning for a target UE for all types of location request. The AMF is accessible to the GMLC and NEF via the Namf interface, to the RAN via the N2 reference point and to the UE via the N1 reference point.
Functions which may be performed by an AMF to support location services include the following.
-	Initiate an NI-LR location request for a UE with an IMS emergency call or to know a UE geographical area with NR satellite access for PLMN selection verification.
-	Receive and manage location requests from a GMLC for a 5GC-MT-LR and deferred 5GC-MT-LR for periodic, triggered and UE available location events.
-	Receive and manage location requests from a UE for a 5GC-MO-LR.
-	Receive and manage Event Exposure request for location information from an NEF.
-	Select an LMF.
-	Receive updated privacy requirements from a UE and transfer to a UDR via UDM.
-	Support cancelation of periodic or triggered location reporting for a target UE.
-	Support change of a serving LMF for periodic or triggered location reporting for a target UE.
-	When assistance data is broadcast by 5GS in ciphered form, the AMF receives ciphering keys from the LMF and forwards to suitably subscribed UEs using mobility management procedures.
-	Store UE Positioning Capability received from an LMF and send the UE Positioning Capability along with the received location request to an LMF.
-	Receive and store UE user plane positioning capabilities (the user plane positioning using LCS-UPP and/or the user plane positioning using SUPL [49]) as part of the "5GMM capability" from UE.
-	Receive UL NAS Transport including a PRU Association, Association Update, or Disassociation Request (contained in an LCS supplementary service message) from a UE.
-	AMF may verify whether a UE can serve as a PRU based on UE subscription data after receiving the PRU Association Request, Association Update, or Disassociation. AMF may also use local policy to determine if UEs are allowed to serve as a PRU. AMF may verify based on subscription information or local policy if PRU can work as stationary PRU.
-	Sends the PRU Association Request or PRU Disassociation Request to LMF and may include a UE verification indication indicating whether this UE is authorized to serve as a PRU.
-	Support verifying whether UE is subscribed with user plane positioning between UE and LMF and triggering LMF to establish a User Plane Connection to UE if UE requested that.
-	Support subscribing from LMF status of LCS user plane connection between a UE and the LMF.
-	Store in UE context that UE has a maintained User Plane connection with a certain LMFs.
NOTE:	Details of UE Positioning Capability is defined in TS 37.355 [20].
-	Support of local configuration of a mapping table of UE identifier ranges and LMF identifier(s) or querying the UDM the LMF identifier for a UE for a 5GC-MO-LR.
-	Support the 5G to EPS Handover by providing the target MME ID to GMLC as part of the LCS Service response.
-	Support interaction with NWDAF to obtain UE related analytics to assist with UE location verification for NR satellite access.
* * * * Next change * * * *
[bookmark: _Toc162413266][bookmark: _Toc58920605][bookmark: _Toc153792595][bookmark: _Toc145928603]5.1	LMF Discovery and Selection
LMF selection functionality is supported by the AMF to determine an LMF for location estimation of the target UE or Ranging/Sidelink Positioning between Target UE and SL Reference UE. The LMF selection functionality is also supported by the LMF if it determines that it is unsuitable or unable to support location for the current UE access network or serving cell for the deferred 5GC-MT-LR procedure for periodic, triggered location events, or Modification of User Plane Connection. The LMF selection functionality may also be supported by the GMLC and the GMLC provides the selected LMF ID to AMF.
LMF reselection is a functionality supported by AMF when necessary, e.g. due to UE mobility.
The LMF selection/reselection may be performed at the AMF or LMF or GMLC based on the locally available information i.e. LMF profiles are configured locally at AMF or LMF or GMLC, or by querying NRF.
The following factors may be considered during the LMF selection:
-	LCS client type.
-	Requested Quality of Service information, e.g.:
-	LCS accuracy,
-	Response time (latency),
-	Access Type (3GPP /N3GPP).
NOTE 1:	Location methods may differ depending on the Access Type, e.g. in the case of WLAN Access Location determination may just correspond to retrieval of IP addressing information from the N3IWF/TNGF; As another example, for Wireline access, Location determination may just correspond to retrieval of geo coordinates corresponding to a GLI as defined in clause 4.7.8 of TS 23.316 [21] or a HFC Node ID.
-	RAT type (e.g. 5G NR, eLTE, or any of the RAT Types specified for NR satellite access) and/or the serving AN node (i.e. gNB or NG-eNB) of the target UE.
-	RAN configuration information.
-	LMF capabilities, including:
-	the support of Uu based positioning as defined in clause 4.3.8;
-	Ranging/Sidelink positioning as defined in clause 4.3.8 of TS 23.586 [40];
-	LMF user plane positioning capabilities (the capability to support LCS-UPP).
-	LMF load.
-	LMF location.
-	Indication of either a single event report or multiple event reports.
-	Duration of event reporting.
-	Network slicing information, e.g. S-NSSAI and/or NSI ID.
-	LMF Service Area consisting of one or more TA(s).
-	Supported GAD shapes.
-	Support LCS when MBSR is involved.
-	Requested UE has maintained user plane connection with a certain LMFs.
NOTE 2:	The LMF maintaining the secured user plane connection with the requested UE is suggested to be selected by AMF.
When receiving a NAS message from UE, including an LMF ID together with a LPP message (refer to step 25 in clause 6.3.1 for event reporting for a deferred 5GC-MT-LR), AMF sends the LPP message to the LMF, as indicated by the LMF ID.
NOTE 32:	Description on how UE encapsulates the LMF ID in the NAS message is documented in TS 24.571 [36].
UDM may store the LMF ID in UE subscription data. During the location procedure, GMLC received the LMF ID from the UDM and provides it to AMF.
GMLC may be configured with the following parameters:
-	LMF ID and/or
-	per group ID and its correlating LMF ID.
The AMF may use locally provisioned configuration to determine LMF based on UE identify or its group information.
NOTE 43:	It is AMF implementation specific for the priority of different selection criteria from GMLC, AMF and LMF.
When the GMLC receives a MT location request from LCS client/AF, GMLC determines the LMF ID based on the configured parameters for an LCS Client/AF. In case a group ID is provided or derived from the location request, GMLC determines the correlating LMF ID based on the provisioned group ID.
GMLC may have configuration with one or several dedicated LMF ID(s), irrelevant to any LCS client/AF. When the GMLC receives a MT location request from LCS client/AF, GMLC only determines the LMF ID within the configuration for all LCS client/AF.
NOTE 54:	When AMF can't access the LMF instance of the LMF ID, by default, AMF replies to corresponding error to GMLC. GMLC could retry or fail the request accordingly; with explicit configuration to serve as backup selection in this, AMF can also select different configured LMF instance.
* * * * Next change * * * *
[bookmark: _Toc162413300][bookmark: _Toc153792629]5.10	Support of Positioning over user plane connection between UE and LMF for non-regulatory service
LMF and UE may utilize a user plane connection to transfer supplementary services messages and LPP messages. User Plane protocol (LCS-UPP) to support supplementary services messages and LPP messages transport between the UE and the LMF is defined in TS 24.572 [48].
If LMF decides to use user plane, the LMF should indicate the UE to use user plane for positioning with the information to establish a secure connection, and via this secure connection, position messages can be transferred between UE and the LMF. The URSP defined in TS 23.503 [41] is used by UE to determine how to route the position messages. The operator may provide LMF(s) address information and connection capability for LCS use in traffic descriptors and LCS user plane positioning dedicated PDU session parameters (e.g., DNN and S-NSSAI) in Route Selection Descriptors to the UE as part of the URSP rule. The position messages can be routed to an established PDU Session or can trigger the establishment of a new PDU Session. The LMF allocates a LCS-UP connection ID for the user plane connection in order to associate one user plane connection with one UE. After the user plane connection is established successfully, the LCS-UP connection ID is stored in the AMF as part of LCS-UP connection context. When receiving the subsequent location request for the UE, the AMF may send the LCS-UP connection ID to the LMF. The LMF and UE may maintain the established user plane connection and the established user plane connection may be reused for subsequent user plane position messages transmission trigged by UE or LMF. If the LMF detects the user plane connection is not used for an implementation specific time, the LMF terminates the user plane connection. The supplementary services messages transferred over user plane only support event report messages, periodic triggered invoke messages and MS cancel deferred location messages.
NOTE:	In this Release, the user plane connection between UE and LMF can not be used for regulatory positioning service.
* * * * Next change * * * *
[bookmark: _Toc162413371][bookmark: _Toc153792700]6.18.0	General
Clause 6.18 describes the management of the user plane connection between UE and LMF. LMF or UE may trigger the establishment of the user plane connection.
UE and LMF may maintain the established user plane connection. LMF may modify or terminate the established user plane connection between UE and LMF.
Precondition:
The LMF can send its user plane information (i.e. IP address or FQDN, LCS-UP connection ID) to the UE via a DL NAS TRANSPORT message of the AMF. If LMF sends 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). UE uses URSP which includes user plane positioning related PDU session parameters (e.g. a dedicated DNN and S-NSSAI) to establish a PDU session used for user plane positioning. SMF should select a PSA UPF (located in central site or local site) connecting with the LMF for this PDU session, based on S-NSSAI, DNN and UE location information, etc.
Session break out for local LMF service for user plane positioning can be supported by preconfiguring SMF with local LMF(s) IP address(es)/network prefix(es) and their DNAIs for positioning dedicated PDU session in certain service area(s) for local PSA and UL CL/BP insertion.
NOTE 1:	Based on preconfigured local LMF information, SMF can subscribe to UE location information from AMF and perform additional local PSA and UL CL/BP insertion and corresponding forwarding rules configuration if UE moves to a location where it can be served by local LMF(s).
NOTE 2:	In this Release, to avoid LMF selection conflicts, the LMFs use their dedicated FQDNs which are different from each other, but their FQDNs can have common parts in support of usage as Traffic descriptor in URSP.
NOTE 3:	It is up to operator to determine appropriate QoS parameters for user plane connection between UE and LMF.
* * * * Next change * * * *
[bookmark: _Toc162413372]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 may subscribe from LMF the status of LCS user plane connection for the target UE, using a Nlmf_Location_UP 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.


[bookmark: _CRFigure6_18_11]Figure 6.18.1-1: Positioning via a User Plane Connection between UE and LMF initiated by LMF
NOTE 1:	User Plane protocol (LCS-UPP) to support generic transport between the UE and the LMF is defined in TS 24.572 [48].
1.	Based on UE user plane positioning capability, control plane congestion status (e.g. AMF load status) and other implementation factors, LMF decides whether to use the positioning procedure via a user plane connection between UE and LMF.
	LMF may invoke Nnrf_NFDiscovery service operation to retrieve control plane congestion status (e.g. AMF load information). LMF may also invoke Nnrf_NFManagement_NFStatusSubscribe service to subscribe specific AMF load information. Based on AMF load information, LMF may determine to use user plane positioning, if there is available 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 2:	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.
NOTE 3:	The procedure can also be triggered when LMF receives a location request from AMF via control plane signalling as defined in clause 6.1 and clause 6.3. In addition, the AMF may include the LCS-UP connection ID to the LMF if there is an existing LCS-UP connection context maintained in the UE context so that the LMF can reuse the established secured user plane connection.
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 invokes Namf_communication_N1N2MessageTransfer service operation to send the user plane information to AMF in a NAS container to indicate UE to utilize user plane over TLS for positioning. The LMF also allocates a LCS-UP connection ID for the user plane connection. The user plane information includes the user plane positioning address of the LMF, LCS-UP connection ID, security related information.
NOTE 4:	Security mechanism to support user plane positioning is defined in Annex Q.2 of TS 33.501 [50].
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.	Void.
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). During this step, the UE utilizes the LCS-UP connection ID received in step 3 to perform LCS-UP binding with the LMF over TLS.
NOTE 5:	The detail of LCS-UP binding is defined in TS 24.572 [48].
8.	[Conditional] LMF indicates AMF in the Nlmf_Location_UPNotify message including LCS-UP connection ID that user plane connection between the UE and LMF has been established.
9.	[Conditional] The AMF stores the LCS-UP connection context including LCS-UP connection ID 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 messages including event report messages, periodic triggered invoke messages and MS cancel deferred location messages may also be transferred between LMF and UE via the established user plane connection.
* * * * Next change * * * *
[bookmark: _Toc162413373][bookmark: _Toc145928604][bookmark: _Toc58920641][bookmark: _Toc131157661]6.18.2	UE initiated User Plane Connection
UE may trigger the user plane connection establishment if the UE does not have user plane connection with LMF. Figure 6.18.2-1 shows a procedure triggered by UE to support positioning over the user plane connection between UE and LMF.


[bookmark: _CRFigure6_18_21]Figure 6.18.2-1: Positioning via a User Plane Connection between UE and LMF, initiated by UE
1.	UE sends a user plane establishment request to AMF via NAS Message, if UE decides to request a user plane connection for upcoming positioning requests.
2.	[Conditional] If the UE is authorized based on UE Subscription to use the user plane positioning, AMF selects an LMF which capable to establish a user plane session for positioning with the UE. AMF may either query the NRF or based on local configuration to discover and select a proper LMF.
3.	[Conditional] The AMF sends a Nlmf_Location_UPConfig Request towards LMF to request set up of an LCS-UP connection.
4.	[Conditional] If LMF accept 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 accept and utilize user plane for positioning. The LMF also allocates a LCS-UP connection ID for the user plane connection. The user plane information includes the user plane positioning address of the LMF, LCS-UP connection ID, security related information.
5.	[Conditional] When AMF receives the user plane information from LMF in step 4, AMF forwards it to UE via a DL NAS TRANSPORT message.
6.	[Conditional] If there is no established secure user plane connection, UE establishes a secured user plane connection with LMF. UE uses the user plane positioning address of the LMF, together with the information in the URSP, to determine the PDU session parameters including DNN+S-NSSAI. UE uses the PDU session parameter to establish PDU session. When SMF receives the request, it selects a proper UPF based on the DNN+S-NSSAI, and establish the connection between the UPF and LMF. During this step, the UE utilizes the LCS-UP connection ID received in step 5 to perform LCS-UP binding with the LMF over TLS.
NOTE:	The detail of LCS-UP binding is defined in TS 24.572 [48].
7.	[Conditional] LMF responds to AMF that user plane connection between the UE and LMF has been established including LCS-UP connection ID.
8.	[Conditional] The AMF stores the LCS-UP connection context including LCS-UP connection ID as part of UE context
9.	[Conditional] After the secure user plane connection is established, if LMF determines to utilize the user plane connection for positioning after receiving a positioning request from AMF, or UE determines to utilize the user plane connection for positioning, LPP messages are transferred between UE and LMF for UE based positioning, UE assisted positioning and delivery of assistance data. Supplementary services messages including event report messages, periodic triggered invoke messages and MS cancel deferred location messages may also be transferred between LMF and UE via the established user plane connection.
* * * * Next change * * * *
[bookmark: _Toc58920686][bookmark: _Toc162413406]8.3.2.2	Nlmf_Location_DetermineLocation service operation
Service operation name: Nlmf_Location_DetermineLocation
Description: Provides UE location information to the consumer NF.
NOTE:	For deferred location request, this service operation is used to implicitly subscribe to the notification of the UE location information.
Input, Required: Client Type, LCS Correlation Identifier.
Input, Optional: Serving cell identifier of the Primary Cell in the Master RAN node and the Primary Cell in the Secondary RAN node when available based on Dual Connectivity scenarios if the UE is using 3GPP access, required Location QoS instance(s), Supported GAD shapes, service type, indication of requiring reliable UE location information, AMF identity if a UE associated Namf_Communication service is to be invoked by LMF, Type of request for a 5GC-MO-LR, Embedded LPP message(s) for a 5GC-MO-LR (1-3 messages), subscribed assistance data for a 5GC-MO-LR, Deferred location type, Deferred location parameters, indication if UE supports LPP or not, UE connectivity state per access type, Notification Target Address, Notification Correlation ID, indication of UE geographical area determination for PLMN selection verification, UE Positioning Capability, UE User Plane Positioning Capabilities (the user plane positioning using LCS-UPP and/or the user plane positioning using SUPL [49]), Ranging/Sidelink Positioning Capability, TNAPId (see TS 29.571 [33]), TWAPId (see TS 29.571 [33]), Scheduled Location Time, request for user plane reporting to an LCS Client or AF, user plane address of an LCS Client or AF, user plane security information for an LCS Client or AF, cumulative event report timer, maximum number of user plane event reports to an LCS Client or AF, event report allowed area, reporting indication, UE unaware indication, LPHAP indication, the serving cell identity belongs to a MBSR indication, Additional ULI, LCS-UP connection ID.
Output, Required: Success/Failure indication
Output, Optional: Geodetic Location, Local Location including Coordinate ID, Civic Location, Indoor/Outdoor indication, LOS/NLOS measurement indication, Position Methods Used (in the case of success indication provided), Serving LMF identification, Failure Cause (in the case of failure indication provided), achieved Location QoS Accuracy, UE geographical area where a PLMN is or is not allowed to operate, UE Positioning Capability, Ranging/Sidelink Positioning Capability, the timestamp of the Location, indication that the location determination will be sent directly to GMLC.
See clause 6.1, clause 6.2. clause 6.3.1 and clause 6.9.1 for examples of usage of this service operation.
* * * * Next change * * * *
[bookmark: _Toc162413411]8.3.2.7	Nlmf_Location_UPConfig service operation
Service operation name: Nlmf_Location_UPConfig
Description: The consumer NF requests to set up, modify or terminate a secure LCS-UP connection for a target UE.
Input, Required: Notification Target Address, Notification Correlation ID, UE identifier (GPSI, SUPI).
Input, Optional: AMF reallocation indication, LCS-UP connection termination indication, LCS-UP connection set up request indication, Target LMF identifier.
Output, Required: Success/Failure indication
Output, Optional: LCS-UP connection ID (in the case of success indication provided), Failure Cause (in the case of failure indication provided).
See clauses 6.18.2 and 6.18.3 for an example of usage of this service operation.
* * * * Next change * * * *
[bookmark: _Toc162413413]8.3.2.9	Nlmf_Location_UPNotify service operation
Service operation name: Nlmf_Location_UPNotify
Description: Allow the consumer NF get notified about status or modification of a secure LCS-UP connection for a target UE.
Input, Required: Notification Correlation ID, LCS-UP connection status (established, released or move indication).
Input, Optional: Target LMF identifier (only applicable in case of move of the connection), LCS-UP connection ID (in case of established of the connection).
Output, Required: None.
Output, Optional: None.
See clauses 6.18.1 and 6.18.3 for an example of usage of this service operation.
* * * * End of changes * * * *
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