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1.	Discussion
The key issue on enhancements of NEF services to support service exposure and interactions between MNOs and UTM functions includes the aspect when multiple USS serve geographical areas that fall within UAV’s flight plan, see as documented in TR 23.700-59, see KI#1.
	In this key issue, the following aspects are required to be studied:
-	whether and how to enhance NEF services to support service exposure and interactions between MNOs and UTM functions for supporting i.e.
-	Pre-mission flight planning and in-mission flight monitoring for UAVs.
-	C2 communication reliability.
-	The scenario of multiple USS serving different geographical areas corresponding to the UAV flight path.
NOTE:	In the scope of this key issue, UTM can represent any authorized aviation AF that may require interaction with the MNO for the functions listed above.



This solution focuses on aspects related to:
1) introducing a changeover-like procedure for UAS Service Suppliers (USS) that can be used in cases when a UAV crosses a geographical area that is being served by one USS to an area being served by another USS;
2) notifying UAS NF (NEF) about a UAV’s presence in a tracking area (TA) and/or a cell that borders with a TA and/or a cell under the responsibility of another USS;
3) evaluating UAV deviation from the expected trajectory and Movement Behaviour analytics to determine UAV’s direction and which TA/cell the UAV will likely enter/leave based on the provided confidence level.


The document S2-2404054 is considered merged as the proposal principles are similar, the aspect of UAS NF option is not included to go forward as an option.
2.	Text proposal
It is proposed to agree the following changes to 23.700-59:
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>>>> Next Change (all text is new) <<<<
6.X	Solution #X: Enabling 5GC support for multiple USS serving different geographical areas
6.X.1	Key Issue mapping
This solution addresses KI#1 aspect related to 5GC support for multiple UAS Service Suppliers (USS-s) serving different geographical areas that fully or partly fall within UAV’s flight path.
6.X.2	Description
The focus in this scenario is with two USS-s – USS 1 serving a geographical area confined within tracking area (TA 1), TA 2 and TA 3 and USS 2 serving a geographical area confined within TA 4 and TA 5; each of the TAs has different number of cells etc., see Fig. 6.X.2-1.
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Figure 6.X.2-1: USS-s serving different geographical areas confined within TAs.
Each USS is responsible for its geographical area that does not identically match tracking areas of a 3GPP network, however, it can be assumed that TAs and Cells IDs can be used to describe/map these geographical areas. Whenever required, a network exposure function (NEF) can be used to make a translation from a geographical description of an area to 3GPP identifiers such as TAs and cell IDs. In the considered scenario, there are border cells between areas served by USS 1 and USS 2, respectively. These cells are: TA1_9, TA1_8, TA3_2, TA3_3, TA2_6, TA4_1, TA4_2, TA4_3 and TA4_6. Whenever a UAV moves inside any of the border cells, a changeover from one USS to another is triggered. For that an AMF needs to notify the associated NEF/UAS NF about the UAV presence in a border cell/TA so that the NEF/UAS NF could notify a serving USS about the event (i.e., that a UAV moves inside a border cell/TA). After receiving the notification from the NEF/UAS NF, the serving USS can continue communication with a target USS to ensure a changeover of the UAV to the intended USS.
Assumption: A UAS Service Supplier (USS) is aware of neighbouring USS-s, border areas that it has with its neighbour USS, possible UAV border-crossing points and can communicate with each other using means outside the 3GPP scope.
After receiving the notification about UAV’s presence in a border cell/TA, the serving USS can perform a number of actions depending on USS capabilities, UAV flight path (e.g. a targeted destination, a specific border-crossing point, arrival time) and other information relevant to the flight path.
-	If a UAV uses a USS for pre-mission flight planning and indicates a destination in a border cell/TA under responsibility of another USS (e.g. TA4_2 as shown in Fig. 6.X.2-1), there is no need to perform the UAV changeover if it is assumed that both or several USS-s can serve cells/TAs within a border region. However, if the UAV requested destination is farther than a border region (e.g. TA5_7) the changeover from a serving USS (USS 1) to a target USS (USS 2) is required. The situation is similar when there is a strict separation between geographical areas served by each USS. For instance, when USS 1 cannot serve in TA4_1, TA4_2, TA4_3 and TA4_6. It is assumed that when such multi-USS deployment is supported, the USS-s have pre-established knowledge (e.g. via pre-configuration, OAM, other proprietary means etc. that are not in scope of the study but assumed) of the neighbouring USS-s in order to perform changeover.
-	If a UAV uses a USS for pre-mission flight planning and indicates a destination “deep” inside a geographical area served by another USS (e.g., TA5_7, see Fig. 6.X.2-2), there could be different ways how a serving USS could handle such case once it determines that UAV’s target destinations is outside its responsibility/service area.
-	Scenario#1: USS 1 plans flight path(s) only until a possible border-crossing point(s) in a border cell(s)/TA(s) (TA3_2 in this case) and triggers a changeover/communicates with USS 2 only when the UAV enters TA3_2. Before doing so, after receiving the notification about the UAV’s presence in a border cell/TA, additionally USS 1 may also trigger the service to determine whether UAV’s direction (which is evaluated based on notifications for UAV’s deviation from the assigned/expected trajectory, movement behaviour etc.) is towards outside of its service area in which case USS 1 starts a changeover process with a target USS. 
-	Scenario#2: USS 1 plans path(s) until a possible border-crossing point(a) in a border cell(a)/TA(s) with USS 2 (similarly as in Option 1), however, when/if the UAV enters any cell/TA inside USS 2 service area, the UAV is required to make another request for the remaining route to its destination in TA5_7 or event to reconnect if the UAV moves to another PLMN (i.e., USS 2 serves another PLMN). In any case, the UAV needs to communicate with a target USS (i.e., USS 2) in order to plan its path(s) onwards to its target destination in TA5_7, and afterwards the target USS (USS 2) requests a serving NEF/UAS NF for assistance with pre-mission flight planning for the remaining path to the destination point.
-	Scenario#3: USS 1 as a serving USS triggers communication with a targeted USS (USS 2) to jointly determine flight path(s) to a targeted destination in TA5_7. USS 1 with a help of a serving NEF/UAS NF makes flight path(s) (one or more) between the starting point and the selected border-crossing point(s), whereas USS 2 decides on suitable flight path(s) (one or more) across its area from the selected border-crossing point(s) to the destination point. USS 2 provides this information to USS 1, and USS 1 provides this information to the UAV. Furthermore, to ensure a smooth changeover from USS 1 to USS 2, USS 1 and USS 2 can request (via NEFs/UAS NFs) the respective AMFs (i.e., an AMF serving TA3_2 and an AMF serving TA4_2 assuming the planned route goes through them) to get notified when the UAV leaves/enters the respective border cells/TAs. During the changeover a serving USS provides indications to a target USS about exposure services of the UAV. The target USS, after completion of the changeover from USS 1, may invoke the relevant exposure services via a serving NEF/UAS NF. 
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Figure 6.X.2-2: Illustration of a UAV changeover scenario for its mobility from TA3_1 to TA5_7 via TA3_2.
Note that the serving USS may identify multiple potential USS(s) that may serve the UAV during its flight path, based on relevant criteria a serving USS need to select the most appropriate one for the UAV; and a USS may provide several flight paths (e.g., primary, secondary etc.) that can be used picked by a serving USS and reported to a UAV.  
Even though pre-mission and in-mission flight planning may benefit from such multiple USS deployment, and as such, information related to the use cases have been used to illustrate the procedures. But it is not required to have such data to be available/needed.
Geographical area served by a USS is not restricted to the equivalent area served by an AMF.

Main principles as described in the procedures are as follows:
-	The serving USS subscribes to UAV location reporting events to AMF/GMLC/LMF;
· If the serving USS/UTM detects that the UAV has left or is about to leave its service area, the USS/UTM may determine to trigger USS/UTM changeover to a new USS/UTM to serve the UAV;
-	The serving USS/UTM triggers the process of changeover of the UAV to the new USS/UTM (e.g. to assist in transferring the UAV context including e.g., subscribed events, UAS NF address, etc., how this is performed is out of 3GPP scope).

[bookmark: _Toc157749900]6.X.3	Procedures
Procedures for USS changeover in cases when a serving USS triggers communication with a target USS to jointly determine UAV’s flight path is shown in Fig. 6.X.2-3.
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1. PDU session establishment


2. Pre-mission flight planning request, incl. information about a flight destination



3. Determines information to request from 5GC, pre-selects suitable target USS-s, triggers communication with them to identify candidate border-crossing points for the UAV flight path planning purposes


4. Pre-mission flight planning assistance request



5. Determines services and NFs required to be invoked to provide the flight planning assistance



6. Steps 8 - 12 of the procedure for NEF-assisted pre-mission flight planning as shown in Figure 6.1.3.1-1 


7. Namf_EventExposure_Subscribe request for UAV presence in the border cell/ TA


8. Pre-mission flight planning assistance response


9. Selection of the target USS and flight planning from a border cell/TA to a destination cell/TA



10. A target USS performs actions described in Steps 4 - 8

11. A target USS provides the serving USS information about UAV’s route planned from a border cell/TA to a destination cell/TA


12. Pre-mission flight planning response with the planned flight route


13. Namf_EventExposure_Notify about the UAV’s presence in the border cell/ TA from USS1 side


14. Namf_EventExposure_Subscribe/Notify for UAV deviation from the expected trajectory



15. Determining the flight direction of the UAV


16. Notification about the UAV leaving the area



17. Serving USS triggers the changeover to the target USS

18. Namf_EventExposure_Notify about the UAV’s presence in the border cell/ TA from USS2 side


19. Notification about the UAV entering the area



201. Informing the UAV about the new USS and re-invoking exposure services (if required) from the relevant NFs




210. Completion of the changeover between the serving USS and the target USS



Figure 6.X.2-3: Procedure for UAV changeover from one USS to another serving different geographical areas.
This procedure utilises Solution#1 of the NEF-assisted pre-mission flight planning as specified in clause 6.1 and includes the following main steps. Change of AMF(s) is not always required, both USS1 and USS2 may be served by the same AMF(s) during the entire UAV flight from the starting point to the destination point via the USS-determined flight path(s).
1.	The UAV (or UAV-C) establishes a PDU Session for communication with a serving USS (USS 1 in Fig. 6.X.2-3) as described in clause 5.2.3 of TS 23.256 [2].
2.	The UAV (or via its paired UAV-C) requests a Pre-mission flight planning service from the serving USS, if needed. The request message includes an identifier of the UAV (e.g. GPSI, CAA-Level UAV ID), information of the starting and destination points for the flight, requirements on the flight route (e.g. on time, shortest, highest, the farthest from a no-transmit zone) and may include candidate flight path(s) if available. Otherwise, continues in Step 3.
3.	USS 1 determines that the UAV-specified destination point lies outside a geographical area of its responsibility. Based on the pre-established knowledge (e.g. via pre-configuration, OAM, other proprietary means etc. that are not in scope of the study but assumed), the serving USS (USS 1) determines target USS (one or more) that may serve as a target USS. Once USS 1 pre-selects suitable target USS-s (USS 2 in Fig. 6.X.2-3), USS 1 triggers communication with each of the target USS to determines candidate border-crossing point(s) for the UAV. 
NOTE X:	A serving USS determines a target USS as well as a candidate border-crossing points between the serving USS and potential target USS-s by means outside 3GPP scope; for this purpose several criteria/metrics can be used, e.g. location of destination point, area that a specific USS serves, a number of UAVs in the area served by a specific USS, proximity to a no-transmit zone, USS load etc.
-	The serving USS in cooperation with the Uncrewed Aerial System Traffic Management (UTM) derives any other information (e.g. confidence level to be used by the NEF/UAS NF to determine likelihood that UAV will leave serving USS area) that can be used by 5GC to provide flight planning assistance information. This information from the serving USS/UTM, together with a target USS and candidate border-crossing points for the UAV, will be included in the Pre-mission flight planning assistance request that the serving USS will send to a serving NEF/UAS NF in Step 4. 
NOTE Y: The exact information that a USS can use for this purpose is out of 3GPP scope, however, it can contain for instance information about UAV capability, geographical coordinates of the candidate border-crossing point(s), indication to reconnect to the network once enter a cell/TA served by another USS, information about no-transmit zone (NTZ) etc.
4.	The USS sends a Pre-mission flight planning assistance request (e.g. Nnef_PreMissionFlighPlanning_Get or Nnef_PreMissionFlightPlanning_Subscribe) to the UAS NF/NEF with the information derived by the serving USS/UTM in Step 3 in addition to UAV’s identifier (e.g. GPSI), information of the starting point for the flight, a list of candidate border-crossing point(s), indication that the UAV will cross a USS border, and other parameters listed in Step 4 of clause 6.1.3.1 (e.g. requirements on the flight path, candidate flight path(s), accuracy level of predictions relevant to the flight planning).
5.	After receiving the Pre-mission flight planning assistance request from the serving USS, the NEF/UAS NF first translates/maps, if required, the parameters included in the USS request to 3GPP identifiers. For instance, the NEF determines a cell ID/tracking area identifier (TAI) of the cell/TA where the UAV-requested starting and destination points are located; similarly, if the request includes an indication that UAV will cross the USS-border and/or a list of the candidate border-crossing point(s) in form of geographical coordinates, the NEF maps them to a list of border cell IDs/TAIs.
NOTE: Steps 4-5 may also be triggered without Pre-mission flight planning, actual messages and details are to be addressed during normative phase.
-	Next, the NEF determines the relevant NFs and specific service operations the NEF needs to invoke to collect the required information for the serving USS for UAV flight planning (e.g. NWDAF analytics service for Movement Behaviour analytics, GMLC service for Ranging/Sidelink Positioning location, AMF for UAV’s presence in bordering cells/TAs, AMF service for UAV’s deviation for the expected/assigned trajectory).
6.	The NEF/UAS NF invokes service operations towards the identified NFs as described in Steps 8-12 of the procedure for the NEF-assisted pre-mission flight planning in clause 6.1.3.1.
7.	For the UAV changeover purpose, if the NEF/UAS NF receives a list of candidate border-crossing points and/or the indication that the UAV will cross a USS border, the NEF/UAS NF identifies the AMF that serves NG-RAN nodes in all identified border cell(s)/TA(s); for that the NEF/UAS NF uses the Nnrf_NFDiscovery service from NRF. Once the AMF(s) information is retrieved, the NEF/UAS NF invokes an Namf_EventExposure_Subscribe request to subscribe to the UE/UAV’s presence in the area of interest wherein the area of interest is set to a cell ID/TAI of every identified border cell/TA. 
8.	Once the NEF receives the relevant information from the determined 5GC NFs in Steps 3-7, the NEF/UAS NF responds to the Pre-mission flight planning assistance request from the USS 1 with the collected information. This information is for UAV’s flight path between the starting point and all candidate USS border-crossing points.
9.	Once the serving USS receives a response to its Pre-mission flight planning assistance request, USS 1 determines/selects a target USS from a list of pre-selected suitable USS in Step 3 and starts communication to request the target USS (USS 2 in Fig. 6.X.2-3) to perform the flight planning for the UAV from the border-crossing point(s) to the destination point in the geographical area served by USS 2.
10.	The target USS (USS 2) performs actions in Steps 4 – 8 to plan the UAV flight across its geographical area towards the UAV’s destination point.
11.	The target USS (USS 2) provides the serving USS (USS 1) information about UAV’s flight path(s) from a border cell(s)/TA(s) to the destination point (e.g., primary flight path, secondary/alternative flight path).
12.	Once the serving USS (USS 1) receives the information from the target USS (i.e., the flight path(s) for its part of the flight), the serving USS (USS 1) determines the primary, secondary etc. flight paths for the UAV from its starting point in USS 1 area to the destination point in USS 2 area; this includes all border-crossing points and cells/TAs.
-	The serving USS sends a response to the UAV (or its paired UAV-C) with the planned flight paths for the entire flight from the starting point to the destination point.
During the UAV flight (and to perform the changeover from USS 1 to USS 2):
13.	 Once the UAV enters a border cell/TA of the serving USS, the AMF notifies the NEF/UAS NF about the event (i.e., UAV enters the Area of Interest)
14.	If the NEF/UAS NF receives the notification about UAV entering a border cell/TA, the NEF/UAS NF may invoke additional services with the AMF to determine the UAV deviation from the expected trajectory (e.g. primary/secondary flight paths) and with the NWDAF for the Movement Behaviour analytics of the UE/UAV to determine whether the UAV will likely leave the USS area and continue following the flight path or not.
15-16.	If the NEF/UAS NF determines that the UE  will likely leave (within the confidence level provided by the USS in Step 3) the geographical area served by the serving USS (USS 1), the NEF/UAS NF sends notification to USS 1 that the UAV will leave the area; for that purpose, the NEF/UAS NF may use a new service operation (e.g., Nnef_PreMissionFlightPlanning_InfoNotify or Nnef_PreMissionFlightPlanning_Notify) that can be send in response to the Nnef_PreMissionFlightPlanning_Get or Nnef_PreMissionFlightPlanning_Subscribe (assuming that they are used to request Pre-mission flight planning assistance in Step 4). Inside this notification, the NEF/UAS NF includes information about which border-crossing point will be used by the UAV; the NEF maps back the border cell ID/TAI triggering the event in step 14 to a specific border-crossing point from the list of candidate border-crossing points from Step 3.
17.	The serving USS (USS 1) communicates with the target USS (USS 2) to execute the changeover for the UAV; this communication and details are outside 3GPP scope, however, it is expected that a serving USS pass the target USS the information regarding which exposure services/notification are of relevance for the UAV, information about UAV’s identifiers (e.g. GPSI, CAA-Level UAV ID) as indicated in Step 2 or any other information is required by the target USS (or UAV itself) to establish the connection, see Step 1. 
18-19.	The AMF serving a border cell/TA on USS2’s side (the AMF can be the same or different as on USS 1 side) notifies a serving NEF/UAS NF (can be the same or different from the NEF/UAS NF that communicates with USS 1) about the UAV presence in the border cell/TA from USS 2’s side. 
-	The NEF/UAS NF notifies the USS 2 about this event using e.g. a Nnef_PreMissionFlightPlanning_InfoNotify request that can be introduced and used for this purpose. 
20.	The source USS (USS 1) informs the UAV about the changeover to the new USS (USS 2) and, if required, informs the UAV that it needs to reconnect with the target USS (USS 2) and triggers the exposure services towards 5GC NFs similar to what the previous serving USS (USS 1) had before the changeover.
NOTE Z: Steps 18-19 and 20 can continue in parallel and not intended to imply sequential processing.
21.	After receiving all the required information from the source USS (how this is done is outside 3GPP scope), the target USS responds to the Nnef_PreMissionFlightPlanning_InfoNotify request in such a way completing the changeover for the UAV. 

[bookmark: _Toc157749901]6.X.4	Impacts on services, entities and interfaces
Impacts are similar as for Solution#1 (see clause 6.1.4) since this solution utilises pre-mission flight planning, if available. Additionality there may be other impacts such as:
AF/USS:
-	receiving notification from NEF when a UAV enters/leaves a border cell/TA under responsibility of the current serving USS,
-	providing information of suitable target USS candidates and candidate USS border-crossing points for UAV flight path(s),
-	requesting and responding to the pre-mission flight planning assistance request with the relevant information,
-	determining and providing information about the primary, secondary etc. flight paths for the UAV from its starting point in a geographical area served by a source USS to the destination point in a geographical area served by a target USS,
-	providing/requesting a confidence level to be used by the NEF/UAS NF to determine likelihood that a UAV will leave the geographical area serving by the USS.
NEF/UAS NF:
-	determining whether a UAV will leave / enter a border cell/TA; for that, the NEF/UAS NF functionalities need to be enhanced so that it can leave a geographical area served by USS,
-	communication with USS-s for pre-mission flight planning and triggering/completing changeovers from one USS to another, for instance, by sending an Nnef_PreMissionFlightPlanning_InfoNotify,
-	translating/mapping information about geographical areas served by USS-s to 3GPP identifiers (such as cell IDs and tracking area identifier (TAI)), specifically, some enhancements to map back a 3GPP identifier (e.g. border cell ID or TAI) to a specific border-crossing point information understandable by a USS,
-	sending/forwarding information to/from a USS with pre-mission flight planning assistance information. For that, enhancing responses (e.g., Nnef_PreMissionFlightPlanning_InfoNotify or Nnef_PreMissionFlightPlanning_Notify) to Nnef_PreMissionFlightPlanning_Get or Nnef_PreMissionFlightPlanning_Subscribe request that are being considered for requesting Pre-mission flight planning assistance.
>>>> End of Changes <<<<
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