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Introduction
The work item "5G Location Services – Phase 3" specifies the following mechanism to enhance the 5G location services:

-
Positioning signalling transmission via user plane;

-
Location service signalling optimisation in PNI-NPN

-
Support of GMLC and LMF restricted to supporting location services in a local area;

-
Interaction between location services and NWDAF;

-
GNSS assistance data collection and provisioning;

-
UE unaware positioning;

-
Support of positioning reference units;

-
Location service continuity in case of UE mobility;

-
Support of positioning requirements related to satellite access;

-
Event report allowed area; and
-
Low Power and High Accuracy Positioning.
A dedicated study (FS_eLCS_Ph3) on support of Enhancement to the 5GC Location services is conducted. The outcome of the study is captured in the TR 23.700-71[1], the conclusion of the study supports a work item (5G_eLCS_Ph3), which standardizes some identified solutions by updating specifications TS 23.273 [2], TS 23.501[3], TS 23.401[4].

CT1, CT3 and CT4 also update specifications TS 29.518[5], TS 29.515[6], TS 29.572[7], TS 29.510[8], TS 29.503[9], TS 29.504[10], TS 29.505[11], TS 29.172[12], TS 29.571[13], TS 24.080[14], TS 29.274[15], TS 24.171[16], TS 29.122[17], TS 29.522[18], TS 29.591[19], TS 29.517[20] ,TS 24.571[21], TS 24.501[22]to implement the solution identified by SA2.
Description
Positioning signalling transmission via user plane
To support more efficient communication between LMF and UE, and to reduce the positioning latency, an user plane between the UE and the LMF is used to transfer the positioning signalling including supplementary services messages and LPP messages. 
The following new procedures are introduced:
-
LMF initiated user plane connection: LMF decides to use the user plane connection establishment based on UE user plane positioning capability, control plane congestion status and other implementation factors. Then LMF provides user plane information including a user plane positioning address of the LMF to UE, to trigger UE to establish a secured user plane connection with the LMF.
-
UE initiated user plane connection: UE triggers the user plane connection establishment by sending initiation message to LMF. LMF then provides user plane information including a user plane positioning address of the LMF to UE. UE establishes a secured user plane connection with the LMF.
-
Modification of User Plane Connection between UE and LMF: this procedure is triggered by LMF when LMF relocation or AMF relocation occurs, or the LMF determines to terminate the user plane connection. The (source) LMF is responsible to terminate connection with UE.
Location service signalling optimisation in PNI-NPN
To support security of location service in PNI-NPN, LMF and GMLC are deployed in the PNI-NPN where the NG-RAN belongs to. The positioning messages between LMF and NG-RAN  is transferred via the serving AMF of the target UE located in the public network. To optimize the signalling routing path, the local AMF is deployed in the PNI-NPN to transfer the DL NON UE associated NRPPa signalling between NG-RAN and LMF located in the same PNI-NPN. To support this optimisation, the LMF and NG-RAN deployed in the PNI-NPN are pre-configured with local AMF address. The NG-RAN needs to establish TNL association with local AMF.
Support of GMLC and LMF restricted to supporting location services in a local area
In some scenarios, a GMLC and an LMF might be restricted to supporting location services in a local area, i.e. the LMF needs to be selected within the same local area of the GMLC. To support the scenarios, the GMLC determines the LMF ID based on pre-configured LMF information or LMF ID received from UDM, and then provides the LMF ID to AMF. The AMF uses the received LMF ID to select the LMF.
Interaction between location services and NWDAF
To support interaction between location services and NWDAF, the following aspects are introduced:

-
To assist location services by NWDAF: LMF is enhanced to request the Location Accuracy analytics from NWDAF to determine a location estimate (indoor or outdoor), to select positioning methods for the requested location accuracy.
-
To assist network data analytics by location services: NWDAF interacts with the LCS system via Ngmlc services or NL9 interface to request location information.

GNSS assistance data collection and provisioning 
The GNSS assistance data is collected by LMF from AF. The LMF may  provide the GNSS assistance data via AMF to UE during a positioning procedure, or send the data to an NG-RAN node for broadcasting by the NG-RAN node to target UEs. In this latter case, the LMF may also provision one or more cyphered key(s) to UE from the AMF, and each cyphered key corresponds to a certain GNSS assistance data.
LMF may generate multiple sets of GNSS assistance data for the same location area, and each of them corresponds to  certain location accuracy.
UE unaware positioning
To support the regulatory requirement that an UE should not aware there is a positioning procedure targeting it, the AF/LCS Client may request UE unaware positioning by including the UE awareness positioning indication in the location request message to GMLC. GMLC provides the indication in the location request to AMF. Based on the indication, the AMF returns the latest stored UE location to GMLC without paging UE if the UE is in CM-IDLE state or RRC-INACTIVE state (if known by AMF) or sends the indication to LMF if the UE is in CM-CONNECTED state. When LMF receives the UE unaware positioning indication, it selects the uplink positioning method and includes the indication in the network positioning message to NG-RAN. When NG-RAN receives the network positioning message, if the UE is in RRC-INACTIVE state, NG-RAN rejects the message with appropriate rejection cause.
Support of positioning reference units
Positioning Reference Units (PRU) with known locations can be used to enhance the positioning performance, mainly to improve the accuracy. 
To support the introduction of the PRU into the LCS system, the following procedures are introduced:
-
PRU association procedure: PRU sends PRU association request which is a supplementary services message to LMF via AMF. The request includes PRU positioning capabilities, location information or PRU ON/OFF state. Then LMF is responsible for storing the received PRU information.
-
LMF initiated PRU disassociation procedure: When LMF becomes unavailable or during LMF relocation, the LMF disassociates already associated PRU(s) by invoking this procedure.
-
PRU initiated PRU disassociation procedure: When PRU becomes unavailable or during LMF relocation, the serving LMF by invokes this procedure.

-
Positioning of one target UE using location information provided by PRU(s): when the LMF decides to use PRUs for one target UE, the LMF selects one or more PRUs to obtain location information of those selected PRUs which is used to determine the location of the target UE.
Location service continuity in case of UE mobility
For commercial location service, in particular the use case that UEs in a vehicle, it is very likely that UE moves between EPS and 5GS. The following procedures are introduced to ensure the continuity of two kinds of location procedures::

-
Location service continuity between EPS and 5GS for the Immediate Location Request Procedure:
-
 From 5GS to EPS with N26: when AMF detects 5GS to EPS handover happens during the immediate location request procedure, it cancels the on-going LCS session in 5GS and notifies the 5GC-GMLC the failure cause of handover to EPC. The 5GC-GMLC forwards the location request to EPC-GMLC to re-trigger the immediate location request procedure in EPS.
-
From EPS to 5GS with N26: when MME detects EPS to 5GS handover happens during the immediate location request procedure, it cancels the on-going LCS session in EPS by notifying the handover related information to EPC-GMLC which is responsible to re-trigger the immediate location request procedure in 5GS by sending the location request to 5GC-GMLC.
-
 From 5GS to EPS without N26 Interface: when the 5GC-GMLC receives the CN type change event report from UDM, it forwards the location request to EPC-GMLC to re-trigger the immediate location request procedure in EPS.
-
From EPS to 5GS without N26 Interface: when the EPC-GMLC receives the CN type change event report from 5GC-GMLC, it re-triggers the immediate location request procedure in 5GS by sending the location request to 5GC-GMLC.
-
Location service continuity between EPS and 5GS for the deferred MT-LR procedure:
-
From 5GS to EPS: this intersystem mobility from 5GS to EPS happens after the deferred MT-LR is triggered in 5GS, when UE detects the event happens in EPS, the UE sends the event report via EPC by invoking LCS MO-LR procedure. When the EPC-GMLC receives the event report, it sends the event report to 5GC-GMLC.

-
From EPS to 5GS: this intersystem mobility from EPS to5GS happens after the deferred MT-LR is triggered in EPS, when UE detects the event happens in 5GS, the UE sends the event report via 5GC.
Support of positioning requirements related to satellite access
AMF may request assistance for UE location verification for NR satellite access by requesting or subscribing to UE mobility analytics from NWDAF. With NWDAF-based UE location statistics and predictions and UE location estimated by LMF, AMF can further assist UE location verification for NR satellite access.
Event report allowed area
Event report allowed area is used to reduce UE power consumption: i.e. when UE detects the triggered or periodic event happens, the UE only report such event when it is inside the event report allowed area. The event report allowed area is determined by GMLC and sent to UE during the deferred 5GC-MT-LR procedure. 
Low Power and High Accuracy Positioning

To support Low Power and High Accuracy Positioning (LPHAP), the LMF is enhanced to determine the appropriate positioning method, e.g. network-based positioning method, or to trigger the low power periodic and triggered 5GC-MT-LR procedures based on the LPHAP indication received from AMF or GMLC. The LCS related subscription data in the UDM may include an LPHAP indication.
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