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1.
 Introduction

Key issue 7 describes the requirements for location service exposure to other NFs and AFs and Solutions 3, 9, 10 and 14 provide partial or complete solutions based on using an NEF to access location specific NFs such as a GMLC or LMF. These solutions assume that location will be supported in 5GCN using location specific NFs such as a GMLC and/or LMF and that the existing AMF location reporting capability is not used.
A different approach is to acknowledge that NFs and AFs could access UE location information via an NEF using the AMF Event Exposure service operations. According to TS 23.502, an NEF can subscribe to reporting of location events for a UE from a serving AMF on behalf of another NF. According to TS 29.518, the location event can be a one-time report of a last know or current location or a series of reports of a current or last known location triggered by changes in UE location such as a change of cell ID or entry into or exit from some area of interest. The location granularity would be equivalent to the area of a cell or TA. This service maps directly to that provided by a GMLC for an MT-LR location request for a current or last known UE location and for a triggered MT-LR for the UE motion event or area event (e.g. as defined for the EPC-MT-LR procedures in TS 23.271). 
It would therefore be useful to combine both forms of location support in an NEF to enable a unified location service to be provided to a consumer NF or AF using a common SBI for an NF or a common API for an AF. With this, a consumer AF or NF would send a location request to an NEF which would then decide (e.g. based on location accuracy and response time requirements) whether to obtain the UE location using a GMLC (or LMF) or an AMF. This would enable the following advantages:


-
One common SBI or API can be provided by an NEF for all location service access, thereby reducing impacts for location service access.

-
An NEF should make a better decision than a consumer NF or AF regarding usage of a GMLC (or LMF) versus AMF for obtaining UE location, since an NEF can be configured with all appropriate information and can run some optimized decision logic.

-
A network operator can choose not to deploy a GMLC/LMF based location service or not to deploy an AMF location reporting service without affecting how consumer NFs and AFs access location services.

-
The NEF decision on GMLC versus AMF location service can allow for network maintenance and network loading without impacting consumer NFs and AFs.
As a consequence of providing AMF location reporting via an NEF to consumer NFs and AFs, it seems worth also supporting improved location accuracy beyond that allowed by cell ID granularity. An enhanced AMF location reporting procedure is thus also proposed here.
2.
Proposed Changes to TR 23.731
**** FIRST CHANGE ****

6.X
Solution #X: Unified NEF Location Service Exposure 

6.X.1
Introduction

The Unified NEF Location Service Exposure solution addresses the following key issue:


Key Issue 7: Location service exposure
The solution enables the NEF to provide a unified exposure of different location services offered by 5GS to a consumer NF or AF. These location services include the GMLC (and LMF) based location solution and the AMF Event Exposure service based location solution. This unified exposure will enable a PLMN operator to offer location services to NFs and AFs using either one of these solutions or both solutions without impacting the SBI or API used by an NF or AF to access the NEF. In addition, by supporting a single unified SBI and API at an NEF, an optimal choice of solutions can be supported by the NEF (e.g. dependent on location accuracy and response time requirements) without impacting an AF or NF.
6.X.2
Functional Description
The service based architectures for roaming and non-roaming UEs are shown below.
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Figure 6.X.2-1: Non-roaming reference architecture for unified NEF location exposure
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Figure 6.X.2-2: Roaming reference architecture for unified NEF location exposure
6.X.3
Procedures

6.X.3.1
Unified Location Service Exposure Procedure

Figure 6.X.3.1-1 shows a unified location service exposure procedure provided by an NEF in an HPLMN for a target UE to a consumer NF in the HPLMN or to a consumer AF outside the HPLMN. The target UE can be roaming or non-roaming. The NEF service operations and APIs referenced in Figure 6.X.3.1-1 can be new and could use different names to those shown below for Figure 6.X.3.1-1.
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Figure 6.X.3.1-1: Unified Location Service Exposure Procedure for a roaming or non-roaming UE
1a.
An external AF sends an LCS Service Request to an NEF in the HPLMN for a target UE using an NEF API and includes an identification of the UE (e.g. SUPI or GPSI) and details of the location request such as whether a current or last know location is requested, the location accuracy and response time, and whether additional triggered or periodic locations are requested.

1b.
As an alternative to step 1a, a consumer NF in the HPLMN for a target UE invokes an Nnef_ProvideLocation Request service operation towards an NEF in the HPLMN and includes a global identification of the UE (e.g. SUPI or GPSI) and details of the location request as in step 1a.
2.
Based on the service requirements in step 1a or step 1b (e.g. location accuracy, location response time and whether triggered or periodic location is requested) and/or on HPLMN support for GMLC versus AMF based location service, the NEF determines whether to map the location request in step 1a or step 1b to a GMLC based location service or to an AMF based location service. When a GMLC based location service is determined, steps 3-6 are performed and steps 7-14 are omitted. When an AMF based location service is determined, steps 7-14 are performed and steps 3-6 are omitted.
3.
When a GMLC based location service is determined in step 2, the NEF invokes an Ngmlc_ProvideLocation Request service operation towards an HGMLC in the HPLMN. The service operation may include all of the information received from the AF or NF in step 1a or 1b.
4.
The HGMLC may first verify UE privacy requirements. If these are satisfied, the HGMLC then obtains one or more locations for the target UE as requested in step 3. The details of how this is done depend on the location solution used by the HGMLC which can employ any of the solutions described in this TR in which a GMLC is used.
5.
The HGMLC invokes an Ngmlc_ProvideLocation Response service operation towards the NEF to confirm the request in step 3 or to return the UE location. Which of these is used depends on the location request in step 3. For example, when a one-time current or last known location was requested in step 3, the HGMLC would return the current or last known location in step 5. When step 3 carries a deferred, periodic or triggered location request, step 5 may just return a confirmation of the request.

6.
Optionally, if a deferred, periodic or triggered location request was sent in step 3, the HGMLC may invoke one or more Ngmlc_LocationEvent Notify service operations towards the NEF, each carrying a notification of some event and possibly a UE location.
7.
When an AMF based location service is determined in step 2, if the NEF needs to verify the target UE privacy requirements (e.g. for a location request from a consumer AF in step 1a), the NEF invokes an Nudm_UEContextManagement_Get Request service operation towards the UDM for the target UE to request the UE privacy requirements and the serving AMF address. Example of the AMF based location solution is that of the AMF event exposure based operation as described below, or the enhanced procedure described in clause 6.x.3.3. 
8.
When step 7 was performed, the UDM invokes the Nudm_UEContextManagement_Get Response service operation towards the NEF to return the serving AMF address and UE privacy requirements. The NEF then verifies UE privacy.


NOTE:
The AMF based location service does not support a real time query to the UE to verify UE privacy requirement by the user.

Editor’s Note:
The assumption in the above note would need to be verified. For example, UE privacy verification by an AMF could be added but would be an extra impact.
9.
The NEF invokes an Namf_EventExposure Subscribe service operation towards the serving AMF for the target UE and indicates whether a one-time UE location is requested or multiple UE locations for some triggering event and includes information on location accuracy (e.g. cell ID or TA granularity or higher accuracy). The NEF sends the Namf_EventExposure Subscribe service operation directly to the serving AMF as shown in Figure 6.X.3.1-1 when the NEF knows the AMF address (e.g. if steps 7 and 8 are performed). Otherwise, the NEF sends the Namf_EventExposure Subscribe service operation to the serving AMF via a UDM as described below for Figure 6.X.3.2-1.

10.
The AMF acknowledges the request in step 9 either directly as shown in Figure 6.X.3.1-1 or via the UDM as shown in Figure 6.X.3.2-1.
11.
If the UE is currently reachable and in CM-IDLE state and if location is requested in step 9 with a cell ID accuracy or higher, the AMF perform a network triggered service request as described in TS 23.502 [5] to place the UE in CM-CONNECTED state.
12.
If the AMF already has the current UE serving cell ID (e.g. following step 11) and the request in step 9 is for a one-time UE location with cell ID (or lower) accuracy and the AMF is able to convert the current serving cell ID into a geodetic location estimate, the AMF obtains the location estimate and proceeds to step 13. Otherwise, the AMF may perform the NG-RAN location reporting procedure defined in clause 4.10 of TS 23.502 [5] to obtain the current or last known UE location from the NG-RAN with a granularity of a cell ID or tracking area. Alternatively (e.g. if higher location accuracy is requested in step 9), the AMF may perform the enhanced NG-RAN location reporting procedure described in Figure 6.X.3.3-1 to obtain a UE location with higher accuracy. For either procedure, the AMF may request additional location reports from the NG-RAN if requested in step 9 for certain trigger events such as a change of cell ID or TA for a UE or entry into or out of an area of interest. 

13.
The AMF invokes the Namf_EventExposure Notify service operation towards the NEF to provide the current or last known UE location as obtained at step 12. This service operation is valid for both direct access to the AMF by the NEF and indirect access via the UDM.
14.
Optionally, if additional triggered UE locations are requested in step 9, the AMF may invoke one or more Namf_EventExposure Notify service operation towards the NEF to provide additional UE locations when certain trigger events occur (e.g. such as a UE changing serving cell or a serving TA or entering or leaving an area of interest).
15a, 15b. The NEF returns the first UE location received at step 5 or step 13 or a confirmation of the location request received at step 5 in the case of a GMLC location service to the consumer AF (step 15a) or consumer NF (step 15b).
16a, 16b. Optionally, if one or more additional location reports are received at step 6 or step 14, the NEF returns one or more additional locations to the consumer AF (step 16a) or consumer NF (step 16b).

6.X.3.2
NEF Access to the Serving AMF via the UDM
Figure 6.X.3.2-1 shows the procedure used by the NEF to access the serving AMF for the UE when the NEF does not have the address of the serving AMF and when AMF location reporting is selected by the NEF.
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Figure 6.X.3.2-1: NEF Access to the Serving AMF via the UDM
1.
The NEF invokes an Nudm_EventExposure Subscribe service operation towards the UDM for the target UE for location reporting and indicates whether a one-time UE location is requested or multiple UE locations for some triggering event and includes the UE identity (SUPI or GPSI), information on location accuracy (e.g. cell ID or TA granularity or a higher accuracy). A correlation ID is also included.
2.
The UDM invokes an Namf_EventExposure Subscribe service operation towards the serving AMF for the target UE for location reporting and includes the information received in the service operation for step 1 including the correlation ID and a URL for the NEF.
3.
The AMF acknowledges the request in step 2.
4.
The UDM acknowledges the request in step 1.
5.
The AMF performs a Network Triggered Service Request if needed to place the UE in CM-CONNECTED state. 
6.
The AMF obtains the current or last known location of the UE as described for step 12 of Figure 6.X.3.1-1,
7.
The AMF invokes the Namf_EventExposure Notify service operation towards the NEF indicated by the URL received in step 2 and includes the current or last known UE location as obtained at step 6 and the correlation ID received at step 2. 
8.
Optionally if additional triggered UE locations are requested in step 2, the AMF may invoke one or more Namf_EventExposure Notify service operations towards the NEF to provide additional UE locations as in step 14 for Figure 6.X.3.1-1.
6.X.3.3
Enhanced NG-RAN Location Reporting Procedure
Figure 6.X.3.3-1 shows the procedure used by a serving AMF to obtain a location estimate for the target UE from the NG-RAN with higher location accuracy than that possible using cell ID based location. The procedure could also be used for non-3GPP access from a UE if an N3IWF and AN replace the NG-RAN in Figure 6.X.3.3-1. The procedure is intended to supplement the NG-RAN Location reporting procedures defined in clause 4.10 of TS 23.502 [5] using the same NGAP messages between the AMF and NG-RAN. 
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Figure 6.X.3.3-1: Enhanced NG-RAN Location Reporting Procedure 
Precondition:
The UE is initially in CM_CONNECTED state.
1.
The AMF sends a Location Reporting Control message to the NG-RAN containing the information identifying the UE, a Reporting Type, an optional Location Reporting Level (e.g. indicating an area of interest), a Location QoS and optionally a maximum duration or maximum number of reports for triggered location. The Reporting Type can indicate a one-time location or a series of triggered locations based on criteria such as a change of serving cell, a fixed periodic interval or entry into or exit from an area of interest.
Editor’s Note:
the supported triggering events may align with those defined in Release 15 or may include additional triggering events such as fixed periodic events or movement of the UE by more than some threshold distance. The triggering events can be defined to align with triggering events used for GMLC based location to enable a unified location service from an NEF.
2.
Depending on the location QoS requested in step 1, the NG-RAN may send a Location Measurement Request to the UE to request location measurements from the UE (e.g. of signals transmitted by the NG-RAN).
3.
If step 2 occurs, the UE obtains and returns the requested location measurements.

4.
Using any location measurements provided at step 3, any recent location measurements previously received from the UE and/or location measurements for the UE obtained by the NG-RAN, the NG-RAN determines the UE location.

Editor’s Note:
Support of steps 2-4 depends on new procedures and possibly new measurements to be agreed and added by RAN.
5.
The NG-RAN returns the UE location to the AMF in a Location Report message.

6.
If triggered UE locations were requested at step 1, the NG-RAN waits until a trigger event occurs and then proceeds to step 7. 
7-10.
The NG-RAN repeats steps 2-5. Steps 6-10 are then repeated until a maximum number of reports or maximum duration is attained or until step 11 occurs.

11.
For triggered location reporting, the AMF may cancel the location reporting in the NG-RAN - e.g. if no maximum duration or maximum number of reports was included at step 1.
6.X.4
Impacts on existing entities and interfaces



NG-RAN Impacts

-
Impacts to support more accurate UE location determination for the Enhanced NG-RAN Location Reporting Procedure.

AMF Impacts

-
Impacts to request more accurate UE location for the Enhanced NG-RAN Location Reporting Procedure.
-
Impacts for any changes to the AMF Event Exposure service operation to support additional types of triggered and periodic location reporting and more accurate location reporting.
UDM Impacts

-
Impacts to support additional types of triggered and periodic location reporting and higher location accuracy for the AMF and UDM Event Exposure service operations.

NEF Impacts

-
Impacts to support a new SBI to NFs and new API to AFs to enable a unified request for a UE location including a request for triggered or periodic location.
-
Impacts to support a GMLC Provide Location SBI to request UE location from a GMLC.
-
Impacts to support enhanced AMF and UDM Event Exposure SBIs to enable a request for UE location reporting with higher accuracy and/or additional types of periodic and triggered location.
-
Impacts to query a UDM for UE privacy requirements and a serving AMF address.
-
Impacts to verify UE privacy requirements.
6.X.5
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

**** END OF CHANGE ****
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