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Abstract of the contribution: this paper proposes to update solution #25 and conclusion of KI#4 to clarify the GMLC service used to track UAV presence in a monitoring area.
Discussion
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Based on the following description in 3GPP TS 23.273,
[bookmark: _Toc19105726][bookmark: _Toc27821142][bookmark: _Toc36124481][bookmark: _Toc36124921][bookmark: _Toc36125080][bookmark: _Toc45009385]“4.1a.5	Deferred Location Request
With a deferred location request, an LCS client or AF sends a location request to a PLMN for a target UE (or group of target UEs) and expects to receive a response containing the indication of event occurrence and location information if requested for the target UE (or group of target UEs) at some future time (or times), which may be associated with specific events associated with the target UE (or group of target UEs). In this version of the specification, only deferred location requests for an MT-LR are supported.
[bookmark: _Toc19105727][bookmark: _Toc27821143][bookmark: _Toc36124482][bookmark: _Toc36124922][bookmark: _Toc36125081][bookmark: _Toc45009386]4.1a.5.1	Types of event
The following types of event are defined for a deferred location request.
b)	Area: An event where the UE enters, leaves or remains within a pre-defined geographical area. At least one type of area event can be defined (i.e. entering, leaving or remaining within the area). The LCS client or AF may define the target area as a geographical area or as a geopolitical name of an area. The PLMN may translate and define the target area as the identities of one or more radio cells or tracking areas. The area event may be reported one time only, or multiple times. The area event report shall contain an indication of the event occurrence. The location estimate may be included in the report. If an area event is detected by the UE but an event report cannot be sent (e.g. because the UE cannot access the network or due to a minimum reporting interval), a report shall be sent later when possible irrespective of whether the area event still applies for the current UE location. Area event reporting is controlled by a minimum and a maximum reporting time. The minimum reporting time defines the minimum allowed time between successive area events. The maximum reporting time defines the maximum time between successive reports. When a UE sends a report due to expiration of the maximum reporting time, the UE indicates expiration of the maximum reporting time as the trigger event. The maximum reporting time enables the AF, LCS client and HGMLC to remain aware of continuing support by the UE for the area event (e.g. to detect if area event reporting may have been aborted due to UE power off).”
The GMLC can provide report of UE enters, leaves or remains within a geographical area received from AF/LCS client and does not require the mapping between the geographical area and the 3GPP network areas. This GMLC service can be reused to track the UAV presence in a monitoring area. In this case, the UAVF simply invokes the GMLC service above and send the event report to UTM/USS when the event report is received from GMLC.
Based on the description in clause 6.25.3, in order to track the UAV presence in a monitoring area, if the UAVF decides that the monitoring area can not be mapped to 3GPP network, it gets UE location from GMLC and decide whether the UAV is in or out the monitoring area by comparing UE location with the geographical area. This method complicates the UAVF logic.
In order to reduce the complicity of UAVF, it is proposed to re-use existing GMLC service with area event type to track UAV presence in a monitoring area.
Proposal
It is proposed to update solution #25 and conclusion of KI#4.
First change
[bookmark: _Toc50481920][bookmark: _Toc54846855]6.25	Solution #25: Network Exposure to support UAV and UAVC tracking
[bookmark: _Toc50481921][bookmark: _Toc54846856]6.25.1	Introduction
This is a solution for Key Issue #4 and #7. It's a partial merge of solution 1, 9, 13,14,15,16, and 17 where certain aspects where commonality exist are brought together here in this solution.
In the Figure 6.25.3-1:
Step1, 3a, 4, 5 are from the concept of solution 15, with the difference that the UAVF is added to expose the location service to UTM/USS.
Step2, 3a, 3b, 7, 8a, 8b are from the concept of solution 16, with replacing NEF in solution 16 by the UAVF, the GMLC enhancement is not included.
Step 6, 9, 10a are from the concept of solution 13, 14, 16, and 17 that the 3GPP network can monitoring the UAV presence in the monitoring area by comparing the UAV location with the monitoring area and can expose other monitoring events notifications (e.g. Loss of Connectivity, UE reachability) to USS/UTM.
Step 8b, 10b are from the concept of solution 13 with replacing NEF in solution 13 by the UAVF, and preconfigure the traffic routing policies at UAVF instead of at SMF.
Step 11,12, 15 are from the concept of solution 1 for tracking unknow UAVs in the target area which can be mapped to 3GPP network areas. The difference is to reuse the existing AMF event "Number of UEs present in a geographical area" or "location Reporting" with Any UE in the event filter.
Step 13 is from the concept used in solution 9 for tracking unknown UAVs in the target area but applied here for the case that the target area cannot be mapped to 3GPP network areas. Here while the AMF event "Number of UEs present in a geographical area" or "location Reporting" can be also used, upon receiving the list of UEs from AMF, the UAVF invokes GMLC procedures for obtaining location to resolve the target areas that cannot be mapped to 3GPP areas.
[bookmark: _Toc50481922][bookmark: _Toc54846857]6.25.2	Functional Description
This solution proposes the following principles:
-	A 3GPP network NF UAVF is introduced in this solution, the following functions are supported by UAVF:
-	This NF is operated by the PLMN serving the target UAV/UAVC UE: it is part of 5GC/EPC, reached by USS/UTM via NEF/SCEF (or may encompass the NEF/SCEF functionality) and has access to PLMN based information such as SUPI, TA, cell Id.
NOTE 1: in the scope of this solution, the term UAVC is used to indicated exclusively a networked UAVC.
-	Providing to UTM/USS location information about the UAV and /or UAVC. Based on the request from UTM/USS this location information could be:-
-	Immediate reporting or deferred reporting (e.g. periodic reporting) based on the request from UTM/USS. It's shown in the first dotted box of Figure 6.25.3-1.
-	Monitoring the UAV presence in the monitoring area (e.g. moving in or out of the monitoring area) and providing the monitoring report to UTM/USS. The UAVF reuses the Area of Interest mechanism to receive the reporting of UE presence in the monitoring area from AMF in case the monitoring area can be mapped to 3GPP network areas. Or the UAVF determines the UAV presence in the monitoring area by comparing the location report from GMLC with the monitoring area from UTM/USS. It's shown in the second dotted box of Figure 6.25.3-1.
-	Providing the list of 3GPP UAV IDs corresponding to the UAVs served by the PLMN being queried and present in the identified target area to UTM/USS. It could be immediate reporting or deferred reporting (e.g. periodic reporting) based on the request from UTM/USS. It's shown in the third dotted box.  The AMF event "Number of UEs present in a geographical area" or "location Reporting" with Any UE in the event filter can be reused. If the target area can be mapped to 3GPP network areas, UAVF identifies the UAVs from the UE list received from AMF, and feedback the identified UAVs to UTM/USS.
	If the target area cannot be mapped to 3GPP network areas, UAVF provides a TA List which is larger than the target area to AMF for the list of UEs to be queried. Then upon receiving the list of UEs from AMF, UAVF queries the UEs' location from GMLC, and then identifies the UAVs in the target area and feedback to UTM/USS.
	The list reported to the USS/UTM contains only UAVs.
NOTE 2: UAVF exposes the above UAV and UAVC locations report and UAV presence monitoring report capabilities to UTM/USS, it's decided by UTM/USS to choose one of or a combination of these capabilities. The UTM/USS logic is out of 3GPP scope.
[bookmark: OLE_LINK33]NOTE 3: Enhancement on GMLC to support the reporting of UE presence in the monitoring area is not considered in this solution.
-	Mapping the 3GPP UAV ID provided by UTM/USS to the 3GPP UE IDs required by location related NFs. i.e. AMF, GMLC.
-	Receiving a 3GPP UAV ID from UTM/USS in the location request messages and sending the CAA-level UAV ID to UTM/USS in the location report(s).
-	Mapping the monitoring area from UTM/USS (e.g., longitude/latitude, zip code, UE trajectory, etc) to 3GPP network area information e.g. a list of TAs/Cell ids.
-	Decides the related NF, i.e. AMF or GMLC to invoke, e.g. based on the UAV capability or network capability, the location accuracy, monitoring area received from UTM/USS.
-	Be preconfigured or receives from UTM/USS the traffic routing policies, when the location of UAV or the UAV presence in the monitoring area matches a policy, UAVF based on the policy indicates SMF to take the appropriate network layer actions, e.g. revoke the connectivity between UAV and UAV controller, steering the traffic toward/ from the UAV to UTM/USS/TPAE for further analysis, etc. UAVF considers those policies as active and ongoing instructions from UTM/USS without constant or repeated triggers/requests from UTM/USS. The traffic routing policy includes 3GPP UAV ID(s) (e.g. GPSI or External Group Identifier) to identify the UAV(s)/UAVC(s) and the corresponding network layer actions e.g. revoke the resources of the related C2 communications.
This solution applies to both 5GC and EPC. With replace the AMF by the MME, replace the SMF by the PGW.
[bookmark: _Toc50481923][bookmark: _Toc54846858]6.25.3	Procedures



Figure 6.25.3-1
Step 1-5 shows the procedure that the 3GPP network exposes the UAV and UAVC location service to UTM/USS.
[bookmark: OLE_LINK35]1.	The UTM/USS sends the location request to UAVF to request UAV and/or UAVC locations from network. The UAV/UAVC ID provided by UTM/USS follows the conclusion of KI#1. The request also includes the location accuracy
	[Conditional] If the UTM/USS needs to calculate the distance between UAVC and UAV, the UTM/USS may indicate the UAVF to provide location information of UAVC and/or UAV at the same time, e.g., using the same start time for periodic reporting or a synchronization indication for immediate reporting in the location request.
NOTE 1:	Whether the request also includes other attributes is to be determined in the normative phase.
2.	UAVF decides the related NF, i.e. AMF/MME or GMLC for location reporting, e.g. based on the UAV/UAVC capability or network capability, location accuracy etc.
	[Conditional] If UAVF needs to provide location information of UAVC and UAV at the same time, it can request the AMF/MME or GMLC to provide the position of the UAVC and/or UAV at the same time by providing the start time of reporting.
3.	UAVF maps the UAV/UAVC ID provided by UTM/USS to the UE IDs required by the NF decided by step2. i.e. AMF/MME or GMLC. UAVF gets the UAV/UAVC location from AMF/MME or GMLC by the current location services supported by AMF or GMLC.
4.	UAVF provides the UAV and/or UAVC locations reporting to UTM/USS. The UAVF includes the UAV and/ or UAVC CAA-level UAV ID in the location reporting message to UTM/USS as well as a location information (geo co-ordinate) suitable for USS/UTM (that is not assumed to know what TA and Cell Id are).
5.	UTM/USS can use the output received at step 4 from UAVF to e.g. compares the received UAV location with the monitoring area (e.g. allowed area or non-allowed area for Geofencing).
Step 6-10b shows the procedure that the 3GPP network exposes the UAV presence monitoring service to UTM/USS.
6.	The UTM/USS sends the UAV presence monitoring request to UAVF to request UAV presence events from 3GPP network (e.g. moving in or out of the monitoring area). The request also includes the monitoring area, location accuracy and other attributes. The monitoring area could be area inside or outside the fence for Geofencing.
NOTE 2: The UTM/USS can also subscribe to the UAVF other Monitoring Events (e.g. Loss of Connectivity, UE reachability) already defined in clause 4.15.3.1 of TS 23.501, the UAVF can obtain corresponding Monitoring Events Notifications from related NFs (e.g. AMF, UDM), and respond to the UTM/USS.
7.	UAVF decides the related NF, i.e. AMF or GMLC for location reporting, e.g. based on the UAV capability or network capability, location accuracy, the monitoring area, whether the monitoring area can be mapped to 3GPP network etc.
8.	UAVF maps the 3GPP UAV ID provided by UTM/USS to the UE IDs required by the NF decided by step7. i.e. AMF or GMLC. In case AMF is selected in step 7,  the monitoring area can be mapped to 3GPP network areas, UAVF provides the monitoring area to AMF and gets the reporting of UE presence in the monitoring area by reusing the Area of Interest mechanism. In case GMLC is selected in step 7, UAVF invokes deferred 5GC-MT-LR procedure defined in clause 6.3.1 in TS 23.273.Otherwise UAVF gets the UAV location from GMLC by the current location services supported by GMLC. It's also possible UAVF gets the UAV location from GMLC if it determines that a finer granularity of location is needed when the report is received about the UAV presence of a coarse granularity area.
9.	[Optional] If AMF is selected in step 7, UAVF determines the UAV presence in the monitoring area by the reporting of UE presence in the monitoring area from AMF or by comparing the location report from GMLC with the monitoring area from UTM/USS.
10.	UAVF reports the UAV presence in the monitoring area to UTM/USS by including its CAA-Level UAV-ID in the report(s). The UAVF may include the UAVC's CAA-level UAV ID and 3GPP UAV ID in the reports to enable to the UTM/USS to look up the UAVC associated with the UAV. Or if traffic routing policies are stored in the UAVF, based on the policy and the UAV presence in the monitoring area events detected at step9, UAVF indicates SMF to take the appropriate network layer actions, e.g. revoke the connectivity between UAV and UAV controller, steering the traffic toward/ from the UAV to UTM/USS/TPAE for further analysis, etc. UAVF considers those policies as active and ongoing instructions from UTM/USS without constant or repeated triggers/requests from UTM/USS. The UAVF will provide the 3GPP UE ID(s) of the UAV(s)/UAVC(s) and the corresponding network layer actions to SMF.
Steps 11-14 shows the procedure that allows the 3GPP network to provide the UAV identity for each UAV or UAVC served by the queried PLMN, and corresponding to the USS/UTM query conditions (e.g. a target area), to UTM/USS.
11.	The UTM/USS sends the UAV list request to UAVF to request UAV UE identity, providing query conditions (e.g. including a target area) from 3GPP network.
12.	UAVF decides the AMF(s) based on the query conditions (e.g. target area information) and obtains the UE list in the target area from AMF by reusing the event "Number of UEs present in a geographical area" or "location Reporting" with Any UE in the event filter. If the target area cannot be mapped to 3GPP network areas, UAVF provides a TA List which is larger than the target area to AMF for the list of UEs to be queried. The 3GPP system separates out the UEs that are actual UAVs based on e.g. available CAA-Level UAV ID, checking for UEs with aerial subscriptions, and whether the UAV has successfully registered and has been authorized by the USS/UTM.
[bookmark: _Hlk53398084]13.	[Optional] From the list of UEs generated in step 12, for UAVs that are in target areas that do not map to 3GPP network areas, the UAVF then queries the UAV(s) location from GMLC.
14. If step 13 is executed, from the list of locations returned by the GMLC the UAVF compares the UAV locations to the target area (provide in step 11) to identify the UAVs to report. If the target area can be mapped to 3GPP network areas, the list received in step 12 is used.
15.	UAVF feedbacks the identified UAVs to UTM/USS.
[bookmark: _Toc50481924][bookmark: _Toc54846859]6.25.4	Impacts on services, entities and interfaces
-	Add a 3GPP NF which is UAVF as described above together with the corresponding service API of the UAVF exposed via NEF.
-	No impact to other NF (than NEF).

Second change
[bookmark: _Toc510607506][bookmark: _Toc28869886][bookmark: _Toc30008185][bookmark: _Toc31035886][bookmark: _Toc31037031][bookmark: _Toc43132137][bookmark: _Toc43193049][bookmark: _Toc44584073][bookmark: _Toc44584222][bookmark: _Toc50481937][bookmark: _Toc54846875]8	Conclusions
Key Issue #4: (UAV and UAV Controller tracking)
Solution 25 is adopted as the basis for normative work with following principles:
-	3GPP network supports the following UAV and UAVC tracking capabilities. The UTM/USS chooses one of, or a combination of, these tracking capabilities to use. The UTM/USS/TPAE logic on its choice is out of 3GPP's scope.
-	reporting the UAV/UAVC location;
-	monitoring and reporting the UAV presence (i.e. for UAV moving in or out) of the monitoring area. Either the UAVF reuses the Area of Interest event  or location Reporting mechanism supported by AMF/MME, or in case the target area or location cannot be mapped to 3GPP network areas, the UAVF determines the UAV presence in the monitoring area by comparing the location report from GMLC with the monitoring area the UAVF reuses the GMLC based location service, i.e. the deferred 5GC-MT-LR procedure with event type set to area. The UAVF decides which location service is used;
-	support unknown UAV tracking, i.e. providing a list of the UAVs in the target area or location and served by the PLMN. The 3GPP system separates out the UEs that are actual UAVs based on e.g. available CAA-Level UAV ID, checking for UEs with aerial subscriptions, and whether the UAV has successfully registered and has been authorized by the USS/UTM If the target area or location cannot be mapped to 3GPP network areas, the UAVF will obtain location of identified UAVs via LCS procedure and compare with the target area or location to identify the UAVs in the target area or location;
-	may receive policies or rules from USS/UTM for action when Area of Interest (AOI) reports are received.
-	NEF determines whether to invoke AMF or GMLC procedure.
-	the 3GPP system may provide the UAV location during the authorization/authentication procedures supported by the 3GPP system in the interaction between the CN and the USS/UTM, or the USS/UTM may verify the UAV location during such procedures.
-	All the enhancements are at UAVF which may encompass the NEF/SCEF functionality.
-	The 3GPP UAV ID is included by the USS/UTM for tracking and to request location services from the MNO.
-	The CAA-level UAV ID may be included by the USS/UTM  in the tracking request so the 3GPP system can include it in the location reports.
-	The CAA-level UAV ID is transmitted by the 3GPP system to the USS/UTM during tracking and location reporting of UAV. The 3GPP UAV ID may also be included in the reports.
-	The 3GPP system maps 3GPP UAV ID (e.g. GPSI) when received from UTM/USS to 3GPP internal IDs (e.g. SUPI) according to existing mechanisms.
-	3GPP system maps the geographic area received from UTM/USS to 3GPP area (e.g. TAIs/Cell Ids).

End of changes
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