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Rationale and Proposal
This contribution adds procedures and services in normative parts of 23.502 based on architecture proposed in (S2-178340):
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Proposed modification

It is proposed to modify TS 23.502 as follows:
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* * * * Next Change * * *.*
4.13.7
Location Services procedures

4.13.7.1
5GC-NI-LR Procedure
Figure 4.10.2-1 shows a Network Induced Location Request (NI-LR) procedure for a roaming or non-roaming UE in the case where the UE initiates an emergency session using NG-RAN. The procedure assumes that the serving AMF is aware of the emergency session initiation – e.g. due to supporting an emergency attach procedure or assisting in establishing an emergency PDU Session.
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Figure 4.13.7.1-1: 5GC Network Induced Location Request (5GC-NI-LR) for a roaming or non-roaming UE

1. The UE attaches to the 5GC for emergency services or requests the establishment of an emergency PDU Session.

2. The AMF may select an LMF based on NRF query or configuration in AMF and invoke the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE. The service operation includes a LCS Correlation identifier, the serving cell identity, and an indication of a location request from an emergency services client and may include the required QoS and Supported GAD shapes.
3. If step 2 occurs, the LMF performs one or more of the positioning procedures described in subclause 4.13.7.4, 4.13.7.5 and 4.13.7.6.

4. If step 3 occurs, the LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF to return the current location of the UE. The service operation includes the LCS Correlation identifier,  the location estimate, its age and accuracy and may include information about the positioning method.

5. The AMF selects an GMLC based on NRF query or configuration in AMF. The information regarding the endpoint in the GMLC to deliver the event notification, is obtained from the NRF as specified in clause 7.1.2 of TS 23.501 [2] or from local configuration in the AMF. AMF invokes the Namf_Location_EventNotify service operation towards the selected GMLC to notify the GMLC of an emergency session initiation. The service operation includes the SUPI, the identity of the AMF, an indication of an emergency session and any location obtained in step 3. 

6. The GMLC forwards the location to an external emergency services client or may wait for a request for the location from the external emergency services client (not shown in Figure 4.13.7.1-1) before forwarding the location.

7. The emergency services session and emergency PDU Session are released.

8. The AMF invokes the Namf_Location_EventNotify service operation towards the GMLC to notify the GMLC that the emergency session was released to enable the GMLC and LRF to release any resources associated with the emergency session.
4.13.7.2
5GC-MT-LR Procedure without UDM Query
Figure 4.13.7.2-1 illustrates a location request for an emergency services session, where an emergency services client (e.g. a Public Safety Answering Point) identifies the target UE and the serving LRF using correlation information that was previously provided to it by the IMS Core. The signalling used to provide the correlation information to the PSAP is defined in TS 23.167 [R2]. The correlation information may be used by the LRF to retrieve other information previously provided to it by the IMS Core and/or AMF as described for Figure 4.13.7.1-1. This allows the GMLC associated with the LRF to request a location from the AMF without needing to query the UDM of the target UE for the serving AMF address. This scenario therefore supports location of emergency sessions from roamers and SIM-less and other non-registered UEs, and requires that identifying information for the UE and AMF have been provided to the GMLC/LRF as described in subclause 4.13.7.1 and 4.13.7.7.
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Figure 4.13.7.2-1: 5GC-MT-LR Procedure without UDM Query 

1. The external emergency services client (e.g. a PSAP) sends a request to the LRF for a location for the target UE and includes correlation information identifying the target UE. The request may include the required QoS, Supported GAD shapes and client type. The LRF address and the correlation information would have been previously provided to the external client when the emergency session from the UE was established.

2. The LRF/GMLC determines the AMF by associating the correlation information received from the external client with other information received previously from the LMF as described in subclause 4.13.7.1 and 4.12.7.7. The GMLC invokes the Namf_Location_ProvideLocation service operation towards the AMF to request the current location of the UE. The service operation includes the SUPI and an indication of a location request from an emergency services client and may include the required QoS and Supported GAD shapes. The AMF identifies the target UE using the SUPI. In case of a SIM-less emergency session, or non-registered (U)SIM emergency session, the SUPI would be the IMEI.
3. The AMF selects an LMF based on NRF query or configuration in AMF and invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE. The service operation includes a LCS Correlation identifier, the serving cell identity and an indication of a location request from an emergency services client and may include the required QoS and Supported GAD shapes.   
4. The LMF performs one or more of the positioning procedures described in subclause 4.13.7.4 , 4.13.7.5 and 4.13.7.6.

5. The LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF to return the current location of the UE. The service operation includes the location estimate, its age and accuracy and may include information about the positioning method.

6. The AMF returns the Namf_Location_ProvideLocation Response towards the GMLC/LRF to return the current location of the UE. The service operation includes the LCS Correlation identifier, the location estimate, its age and accuracy and may include information about the positioning method.

7. The LRF sends the location service response to the external emergency services client.

4.13.7.3
5GC-MT-LR Procedure
Figure 4.13.7.3-1 illustrates the general network positioning for LCS clients external to the PLMN. In this scenario, it is assumed that the target UE is identified using an SUPI or GPSI. This procedure is applicable to a request from an LCS client for a current location.
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Figure 4.13.7.3-1: 5GC-MT-LR Procedure 

1. The external location services client sends a request to the GMLC for a location for the target UE identified by an GPSI or an SUPI. The request may include the required QoS, Supported GAD shapes and client type.
2. The GMLC invokes a Nudm_UE ContextManagement_Get service operation towards the home UDM of the target UE to be located with the GPSI or SUPI of this UE
3. The UDM returns the network addresses of the current serving AMF. 
4. The GMLC invokes the Namf_Location_ProvideLocation service operation towards the AMF to request the current location of the UE. The service operation includes the SUPI, and client type and may include the required QoS and Supported GAD shapes.
5. If the UE is in CM‑IDLE state, the AMF initiates a network triggered Service Request procedure as defined in subclause 4.2.3.4 to establish a signaling connection with the UE.
6. The AMF selects an LMF based on NRF query or configuration in AMF and invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE. The service operation includes a LCS Correlation identifier, the serving cell identity and the client type and may include the required QoS and Supported GAD shapes.
7. The LMF performs one or more of the positioning procedures described in subclause 4.13.7.4, 4.13.7.5 and 4.13.7.6.
8. The LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF to return the current location of the UE. The service operation includes the LCS Correlation identifier, the location estimate, its age and accuracy and may include information about the positioning method.

9. The AMF returns the Namf_Location_ProvideLocation Response towards the GMLC/LRF to return the current location of the UE. The service operation includes the location estimate, its age and accuracy and may include information about the positioning method.

10. The GMLC sends the location service response to the external location services client.
4.13.7.4
UE Assisted and UE Based Positioning Procedure
Figure 4.13.7.4-1 shows a positioning procedure used by an LMF to support UE based positioning, UE assisted positioning and delivery of assistance data. The procedure is based on use of the LPP protocol defined in TS 36.355 [R4] between the LMF and UE.
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Figure 4.13.7.4-1: UE Assisted and UE Based Positioning Procedure 
Precondition:
A LCS Correlation identifier and the AMF identity has been passed to the LMF by the serving AMF.

1. The LMF invokes the Namf_Communication _N1N2MessageTransfer service operation towards the AMF to request the transfer of a Downlink (DL) Positioning message to the UE. The service operation includes the DL Positioning message. The Session ID parameter of the Namf_Communication_N1N2MessageTransfer service operation is set to the LCS Correlation identifier. The Downlink Positioning message may request location information from the UE, provide assistance data to the UE or query for the UE capabilities.

2. If the UE is in CM‑IDLE state, the AMF initiates a network triggered Service Request procedure as defined in subclause 4.2.3.4 to establish a signaling connection with the UE.

3. The AMF forwards the Downlink Positioning message to the UE in a DL NAS TRANSPORT message. The AMF includes a Routing identifier, in the DL NAS TRANSPORT message, identifying the LMF. 

4. The UE stores any assistance data provided in the Downlink Positioning message and performs any positioning measurements and location computation requested by the Downlink Positioning message.

5. If the UE has entered CM-IDLE state during step 4, the UE instigates the UE triggered Service Request as defined in subclause 4.2.3.2 in order to establish a signaling connection with the AMF. 
6. The UE returns any location information obtained in step 4 or returns any capabilities requested in step 3 to the AMF in an Uplink Positioning message included in a NAS TRANSPORT message. The UE shall also include the Routing identifier in the UL NAS TRANSPORT message received in step 3.

7. The AMF invokes the Namf_Communication_N1MessageNotify service operation towards the LMF indicated by the routing identifier received in step 6. The service operation includes the Uplink Positioning message received in step 6 and the LCS Correlation identifier. Steps 6 and 7 may be repeated if the UE needs to send multiple messages to respond to the request received in Step 3. Steps 1 to 7 may be repeated to send new assistance data, and to request further location information and further UE capabilities.

4.13.7.5
Network Assisted Positioning Procedure
Figure 4.13.7.5-1 shows a procedure that may be used by an LMF to support network assisted and network based positioning. The procedure may be based on an NRPPa protocol in TS 38.455 [R5] between the LMF and NG-RAN.
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Figure 4.13.7.5-1: Network Assisted Positioning Procedure 
Precondition:
A LCS Correlation identifier and the AMF identity have been passed to the LMF by the serving AMF. 

1. The LMF invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a Network Positioning message to the serving RAN node (gNB or ng-eNB) for the UE. The service operation includes the Network Positioning message and the LCS Correlation identifier. The Network Positioning message may request location information for the UE from the NG-RAN.

2. If the UE is in CM‑IDLE state, the AMF initiates a network triggered Service Request procedure as defined in subclause 4.2.3.4, to establish a signaling connection with the UE.

3. The AMF forwards the Network Positioning message to the serving RAN node in an N2 Transport message. The AMF includes a Routing identifier, in the N2 Transport message, identifying the LMF (e.g. a global address of the LMF). 

4. The serving RAN node obtains any location information for the UE requested in step 3.
5. The serving RAN node returns any location information obtained in step 4 to the AMF in a Network Positioning message included in an N2 Transport message. The serving RAN node shall also include the Routing identifier in the N2 Transport message received in step 3.

6. The AMF invokes the Namf_Communication_N2InfoNotify service towards the LMF indicated by the routing identifier received in step 5. The service operation includes the Network Positioning message received in step 5 and the LCS Correlation identifier. Steps 1 to 6 may be repeated to request further location information and further NG-RAN capabilities.

4.13.7.6
Obtaining Non-UE Associated Network Assistance Data 
Figure 4.13.7.6-1 shows a procedure which may be used by an LMF to support network assisted and network based positioning. This procedure is not associated with a UE location session. It is used to obtain network assistance data from a RAN node (e.g. gNB or ng-eNB). The procedure may be based on an NRPPa protocol in TS 38.455 [R5] between the LMF and NG-RAN.
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Figure 4.13.7.6-1: Procedure for Obtaining Non-UE Associated Network Assistance Data 
1. The LMF invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a Network Positioning message to a RAN node (gNB or ng-eNB) in the NG-RAN. The service operation includes the Network Positioning message and the target RAN node identity. The Network Positioning message may request position related information from the NG-RAN.
2. The AMF forwards the Network Positioning message to the target RAN node indicated in step 1 in an N2 Transport message. The AMF includes a Routing identifier, in the N2 Transport message, identifying the LMF. 

3. The target RAN node obtains any position related information requested in step 2.
4. The target RAN node returns any position related information obtained in step 3 to the AMF in a Network Positioning message included in an N2 Transport message. The target RAN node shall also include the Routing identifier in the N2 Transport message received in step 2.

5. The AMF invokes the Namf_Communication_N2InfoNotify service operation towards the LMF indicated by the routing identifier received in step 4. The service operation includes the Network Positioning message received in step 4 and the UE identifier. Steps 1 to 5 may be repeated to request further position related information from the NG-RAN.
4.13.7.7
Location continuity for Handover of an Emergency session from NG-RAN 
Figure 4.13.7.7-1 shows support for location continuity for handover of an emergency session from NG-RAN on the source side to either NG-RAN or another 3GPP RAN on the target side. The procedure applies when control plane location according to Figures 4.13.7.1-1 and 4.13.7.2-1 is used for location of the UE on the source side. The procedure is based on the procedures for location continuity currently defined in TS 23.271 subclause 9.4.5.4 [R3].
NOTE:
If user plane (SUPL) location [R1] is used on the source (NG-RAN) side, then the current procedure for location continuity in TS 23.271 [R3] can be used. 
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Figure 4.13.7.7-1: Location Continuity for Handover of an Emergency session from NG-RAN 

1. Following the request for an emergency session, the UE establishes a PDU Session for emergency services and an IMS emergency session for NG-RAN access, during which an LRF is assigned in the serving network IMS and a source GMLC may be chosen. The 5GC-NI-LR procedure of Figure 4.13.7.1-1 is also performed which provides the source AMF identity to the GMLC and LRF and optionally an initial location for the UE.
2. At some later time, the LRF may need the UE location and requests the source GMLC to invoke the Namf_Location_ProvideLocation service operation towards the AMF to request the current location of the UE. The service operation includes the SUPI, the required QoS and an indication of a location request from an emergency services client. 
3. If step 2 occurs, the source AMF starts a location session to obtain the location of the UE as described in subclause 4.13.7.2.
4. The source AMF receives a request to handover the UE to a cell associated with a different target node which may be another AMF for intra-RAN handover or a different type of node (e.g. an MME) for inter-RAN handover (e.g. to E-UTRAN connected to EPC).

5. The handover procedure is executed as specified in clause 4.9.1.3.

6. Any location session started in step 3 may terminate normally before step 6. If not, the source AMF shall abort the location session once step 5 is complete. 
7a.  If step 3 has occurred, the source AMF returns the Namf_Location_ProvideLocation Response towards the GMLC to return any location estimate obtained for the UE. The service operation includes the target node identity.

7b. If steps 2 and 8a do not occur, the source AMF may invoke the Namf_Location_EventNotify service operation towards the GMLC to indicate the handover. The service operation includes the SUPI, an event type indicating handover and the identity of the target node. 
8a. For inter-RAN handover (e.g. to E-UTRAN connected to EPC) and if control plane location will be used on the target side, the target node (e.g. MME) may send a Subscriber Location Report to a GMLC on the target side after completion of the handover in step 6. The Subscriber Location Report carries the UE identity (IMSI, MSISDN and/or IMEI), an event type indicating handover and the identity of the target node. The target node may determine the target GMLC from configuration information. 
8b. For intra-RAN handover and if control plane location will be used on the target side, the target AMF may invoke the Namf_Location_EventNotify service operation towards the GMLC to indicate the handover. The service operation includes the SUPI, an event type indicating handover and the identity of the target node. 
9. Reconfiguration of the LRF and the source and target GMLCs may occur in a manner outside the scope of 3GPP.
10. If the LRF needs a location estimate for the UE after handover has occurred and if control plane location is used on the target side, the LRF may instigate an MT-LR request via the target Node.
* * * * Next Change * * *.*
5.2.2
AMF Services
5.2.2.1
General

The following table shows the AMF Services and AMF Service Operations.
Table 5.2.2.1-1: List of AMF Services

	Service Name
	Service Operations
	Operation

Semantics
	Example Consumer(s)

	Namf_Communication
	UEContextTransfer
	Request/Response
	Peer AMF

	
	RegistrationCompleteNotify
	Subscribe/Notify
	Peer AMF

	
	N1MessageNotify
	Subscribe/Notify


	SMF, SMSF, PCF, NEF, LMF

	
	N1MessageSubscribe
	
	SMF, SMSF, PCF, NEF

	
	N1MessageUnSubscribe
	
	SMF, SMSF, PCF, NEF

	
	N1N2MessageTransfer
	Request/Response
	SMF, SMSF, PCF, NEF, LMF

	
	N2InfoSubscribe
	Subscribe/Notify


	SMF

	
	N2InfoUnSubscribe
	
	SMF

	
	N2InfoNotify
	
	SMF, LMF

	
	EBIAssignment
	Request/Response
	SMF

	Namf_EventExposure
	Subscribe for one UE, group of UE(s) or any UE.
	Subscribe/Notify
	NEF, SMF, PCF, UDM

	
	UnSubscribe for one UE, group of UE(s) or any UE.
	Subscribe/Notify
	NEF, SMF, PCF, UDM

	
	Notify
	Subscribe/Notify
	NEF, SMF, PCF, UDM

	Namf_MT
	EnableUEReachability
	Request/Response
	NEF, SMF, PCF, UDM

	Namf_Location
	ProvideLocation
	Request/Response
	GMLC

	
	EventNotify
	Notify
	GMLC


* * * * Next Change * * *.*
5.2.2.X
Namf_Location service
5.2.2.x.1
General

Service description: This service enables an NF to request location information for a target UE. The following are the key functionalities of this NF service.

-
Allow NFs to request the current geodetic and optionally civic location of a target UE.
-
Allow NFs to be notified of event information related to emergency sessions.
5.2.2.x.2
Namf_ Location_ProvideLocation service operation
Service operation name: Namf_Location_ProvideLocation
Description: Provides UE location information to the consumer NF.

Input, Required: SUPI, External Client Type.
Input, Optional: Location QoS, Supported GAD shapes.
Output, Required: Success/Failure indication

Output, Optional: Geodetic Location, Civic Location, Position Methods Used, Failure Cause.

See steps 4 and 9 of subclause 4.13.7.3 for example of usage of this service operation. 
5.2.2.x.3
Namf_Location_EventNotify service operation
Service operation name: Namf_Location_EventNotify
Description: Provides UE location related event information related to emergency sessions to the consumer NF.

Input, Required: Type of location related event (e.g. emergency session initiation), SUPI.

Input, Optional: Geodetic Location, Civic Location, Position methods used.
Output, Required: None.
Output, Optional: None.
* * * * Next Change * * *.*
5.2.3
UDM Services
5.2.3.1
General

The following table illustrates the UDM Services.

Table 5.2.3-1: NF services provided by UDM

	NF service
	Service Operations
	Operation Semantics
	Example Consumer(s)

	Subscriber Data 
	Get
	Request/Response
	AMF, SMF, SMSF

	Management (SDM)
	Subscribe
	Subscribe/Notify
	AMF, SMF, SMSF

	
	Unsubscribe
	Subscribe/Notify
	AMF, SMF, SMSF

	
	Notification
	Subscribe/Notify
	AMF, SMF, SMSF

	UE context 
	Registration 
	Request/Response
	AMF, SMF, SMSF

	Management (UECM)
	DeregistrationNotification
	Subscribe/Notify
	AMF

	
	Deregistration
	Request/Response
	AMF, SMF, SMSF

	
	Get
	Request/Response
	NEF, GMLC

	
	Update
	Request/Response
	AMF, SMF

	UE Authentication
	Request
	Request/Response
	AUSF

	EventExposure
	Subscribe
	Subscribe/Notify


	NEF

	
	Unsubscribe
	
	NEF

	
	Notify
	
	NEF


* * * * Next Change * * *.*
5.2.X
LMF Services
5.2.X.1
General

The following table shows the LMF Services and LMF Service Operations.
Table 5.2.X.1-1: List of LMF Services

	Service Name
	Service Operations
	Operation

Semantics
	Example Consumer(s)

	Nlmf_ Location
	DetermineLocation
	Request/Response
	AMF


5.2.X.2
Nlmf_Location service
5.2.2.2.1
General

Service description: This service enables an NF to request location determination for a target UE. The following are the key functionalities of this NF service.

-
Allow NFs to request the current geodetic and optionally civic location of a target UE.

5.2.2.2.2
Nlmf_Location_DetermineLocation service operation
Service operation name: Nlmf_Location_DetermineLocation
Description: Provides UE location information to the consumer NF.

Input, Required: External Client Type.
Input, Optional: LCS Correlation Identifier, Location QoS, Supported GAD shapes.
NOTE: In the context of Location Services for regulatory services, the LCS Correlation Identifier is a required input.
Output, Required: Success/Failure indication

Output, Optional: Geodetic Location, Civic Location, Position Methods Used, Failure Cause.

See steps 6 and 8 of subclause 4.13.7.3 for example of usage of this service operation. 

* * * * Next Change * * *.*
5.2.X
GMLC Services
5.2.X.1
General

The GMLC do not provide any Services or Service Operations but may use services provided by UDM and AMF in this release of the specification.
3GPP
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