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***** FIRST CHANGE *****
[bookmark: _Toc122418079][bookmark: _Toc58920605][bookmark: _Toc122418097]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.
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.

***** NEXT CHANGE *****

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. 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, or triggered location events.
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 based on the locally available information i.e. LMF profiles are configured locally at AMF or LMF, 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.
-	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.
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 2:	Description on how UE encapsulates the LMF ID in the NAS message is documented in TS 24.571 [36].
UDM may support in the UE LCS subscriber data with an LMF ID. During the location procedure, GMLC received the LMF ID from the UDM and provides it to AMF.
GMLC storage "LCS data for an LCS Client/AF" includes with the following parameters:
-	LMF ID (for all cases of request); and/or
-	per Group ID and its correlating LMF ID.
When the GMLC receives a MT location request from LCS client/AF, GMLC determines the LMF ID based on the LCS data for an LCS Client/AF. In case an group ID is provided or derived from the location request, GMLC determines the LMF ID based on the provisioned Group ID.
GMLC may be configured with an LMF ID, irrelevant to any LCS client/AF. When the GMLC receives a MT location request from LCS client/AF, GMLC determines the LMF ID for all LCS client/AF.
AMF may be configured locally a mapping table of UE identity e.g. MSISDN and LMF address. When receiving a MO-LR, AMF determines LMF based on local configuration.

***** NEXT CHANGE *****

[bookmark: _Toc122418130]5.9.3	Privacy check for MBSR
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]If the positioning of the MBSR is performed for the location estimation of a Target UE (UE different from the MBSR), the privacy check procedure in clause 5.4 is skipped for the MBSR. When the LMF requests the GMLC to derive the location of the MBSR (UE), the LMF includes a MBSR indication indicating the location of MBSR is requested to determine the location of a Target UE in the location request. Based on the indication, and/or MBSR’s subscription information, the GMLC skips the privacy check.
Editor's note:	The mechanism to skip the privacy check will be specified based on the procedure used by the LMF to obtain the location of MBSR.
If the positioning of the MBSR is performed for the location estimation of the MBSR itself when it acts as a UE, the UE privacy check procedure in clause 5.4 is performed.

***** NEXT CHANGE *****
[bookmark: _Toc58920637][bookmark: _Toc122418137]6.1.x	5GC-MT-LR procedure involving Mobile Base Station Relay 
Figure 6.1.x-1 illustrates the network positioning for the LCS clients when Mobile Base Station Relay(s) is involved. 
In this scenario, it is assumed that the target UE may be identified using an SUPI or GPSI. The procedure follows the functionality in clause 5.9 and the 5G-MT-LR procedures in clause 6.1.1 and 6.1.2. It is further assumed that:
-	The NG-RAN in figure 6.1.x-1 is a donor-CU to the MBSR.
-	When the MBSR is integrated or fully migrated to a new gNB, the OAM triggers the LMF to perform TRP Information Exchange procedure. The LMF learns that a new integrated TRP at a gNB is mobile and its MBSR IAB UE ID (GPSI) via a TRP information exchange towards the gNB with the Cell ID of the TRP.  The LMF may also performs NRPPa TRP information exchange procedure before the positioning procedure for a target UE, e.g. to determine the position capability of NG-RAN. 
-	The LMF that performs the location estimation of the MBSR can be different than the LMF that performs the location estimation of the target UE (not shown in figure 6.1.x-1).




Figure 6.1.x-1: 5GC-MT-LR procedure involving Mobile Base Station Relay 
1. [Optional] The location services client sends a request to the GMLC for a location for the target UE identified by an GPSI or an SUPI. The UE may or may not be served by a MBSR. 
2. The GMLC invokes the Namf_Location_ProvidePositioningInfo service operation towards the AMF serving the target UE to request the current location of the target UE. The location procedure may be also triggered at the AMF for a 5GC-NI-LR as at step 1 in clause 6.10.1, or an event report sent by the UE for a deferred 5GC-MT-LR for periodic or triggered location as at step 25 in clause 6.3.1.
3. The 5GC-MT-LR procedure as specified in clause 6.1.1 step 5-8 or clause 6.1.2 step 6-12 are performed with the difference that the LMF selection also consider LMF capability supporting MBSR involvement. If the AMF is aware that the target UE is served by a MBSR, it would select the LMF that can support the MBSR handling.
NOTE 1: The step 4 to 11 may happen as part of step 3.
4. LMF derives if any MBSR(s) is involved in the positioning of the target UE based on the cell-ID used for positioning measurements in the step 3. The AMF serving the target UE may indicate that the serving cell is an MBSR (if applicable). When the MBSR was integrated as a TRP (IAB-DU) with a gNB, the LMF may determine from in a TRP information exchange procedure that the cell-ID belongs to the MBSR and/or the UE-ID (GPSI) associated with MBSR. As the MBSR can be mobile the LMF may need to determine an updated location of the MBSR by either performing step 5-7 (option 1) or performing step 8-10 (option 2) if option 1 is not feasible. If several MBSRs were derived, then step 5-7 or step 8-10 are be performed for each MBSR.
Editor's note: The trigger of LMF to initiate the TRP information exchange needs further discussion for the case of MBSR’s inter-CU mobility.
Editor's note: allowing the LMF to obtain the UE ID of the MBSR via NRPPa from the donor gNB needs to be coordinated with RAN WGs.

5. [Conditional] The LMF initiates a NRPPa TRP Information Exchange procedure to request the updated location information of the TRP(s) associated with MBSR(s) by directing the TRP information exchange messages to the gNB associated with the Cell ID(s), for example, by setting the NRPPa TRP Information Type Item IE to "geo-coordinates". Donor-CU further send a F1 TRP INFORMATION REQUEST message to any MBSR IAB-DU.
6. [Conditional] The MBSR IAB-UE initiates a 5GC-MO-LR procedure (as defined in clause 6.2) to get its location information. The MBSR IAB-UE's location info is used by the co-located MBSR IAB-DU to determine the updated location for its TRP.
7. [Conditional] The MBSR IAB-DU report its updated TRP location, e.g. TRP's geo-coordinate, velocity and the time for obtaining them, to the Donor-CU, which is further forwarded to LMF.
8. [Conditional] The LMF invokes the Ngmlc_Location_ProvideLocation_Request service operation to the GMLC, the MBSR (IAB-UE) identified by an GPSI. The LMF received the GPSI of the MBSR in a TRP information exchange when the MBSR was integrated as a TRP.
9. [Conditional] The GMLC determines the AMF serving the MBSR and step 4-10 in clause 6.1.1 is performed. The privacy check in clause 5.4 is skipped for the MBSR. 
10. [Conditional] The GMLC sends the location service response to the LMF. 
11. [Conditional] The LMF performs one of the positioning procedures with the target UE described in clauses 6.11.1 and 6.11.2. To reduce the timing offset of the positioning measurements, the UE positioning procedure may be scheduled with the same scheduled location time as the MBSR positioning in step 6 or 9. If Network Assisted procedure is used, as in 6.11.2, the NG-RAN may provide the MBSR updated location and velocity information to the LMF as part of the NRPPa procedure.   
12. The LMF uses the received location and velocity of the MBSR(s) when estimating the location of the target UE together with the measurements reports in step 3 or optionally the updated measurement reports in step 11.
13. The LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF to return the current location of the target UE. 
14. The AMF returns the Namf_Location_ProvidePositioningInfo Response towards the GMLC to return the current location of the target UE. 
15. The GMLC sends the location service response to the location services client. 
***** NEXT CHANGE *****
[bookmark: _Toc58920686][bookmark: _Toc122418197]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 identifierof 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, 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, the serving cell identity belongs to a MBSR indication, IAB-UE ID of the MBSR.
Output, Required: Success/Failure indication
Output, Optional: Geodetic Location, Local Location including Coordinate ID, Civic Location, 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, the timestamp of the Location.
See clause 6.1, clause 6.2. clause 6.3.1 and clause 6.9.1 for examples of usage of this service operation.
***** END OF CHANGES *****
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