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Abstract of the contribution: The contribution proposes a solution to KI#1: Enhancement of NEF services to support service exposure and interactions between MNOs and UTM functions.
Introduction
This contribution proposes a solution for Verification & monitoring of acceptable connectivity through an intended flight path of UAS. 
Discussion
When a UAS is using cellular connectivity for critical communication like Command & Control (C2) and Networked Remote Identification (NRID) it is extremely important to ensure continuous connectivity and a certain level of service quality throughout the flight path. Flight path authorization is generally performed by the USS/UTM systems, potentially based on information received (on request) from the 3GPP MNO(s) as defined in TS 23.256.
It would be beneficial for the USS/UTM to know if a minimum required service quality can be ensured throughout the intended flight path when it performs flight path authorization for a UAV (e.g. drone).
When the UAV has already started the flight mission on an approved flight path, the USS/UTM may also need to be informed if service quality cannot be met, i.e. there is no QoS sustainability, at any specific upcoming flight path segment within the target flight time duration, so that the USS/UTM could then take necessary actions, e.g., alter the flight path of the UAV (in direction and/or height) or alter the speed of the UAV, e.g. slow it down, so it may reach upcoming cells in the calculated flight path segment at different points in time, where QoS sustainability can be assured.   
Flight path information can be represented in the form of waypoints defined as 3D locations as defined in TS 36.355. It is not feasible for the USS/UTM or any other system to manually pre-configure whether a specific level of service quality can be assured throughout the flight path intended by a UAV.
USS/UTM (or any other entity responsible for flight path authorization and monitoring) shall be able to query the PLMN serving the UE (used with the UAV) and check the quality of the cellular connection throughout the flight (both along the geographical flight path, as well as during the predicted time passing each segment of the flight path). There may be multiple paths available to reach the same destination and, in that case, the USS/UTM shall be able to provide a list of all possible flight paths or flight corridors to the 5GS and check if one or more of the available flight paths has minimum required cellular service quality threshold from the PLMN. Additionally, by controlling the height of a UAV more cellular connectivity options may be available enriching the selection of connectivity points that may assure the minimum service quality. 
Alternatively, the USS/UTM shall be able to provide a new time schedule for the original flight path controlling the time where a UAV would use certain cellular resources to assure minimum service quality.  
Proposal
A solution is proposed for KI#1 for incorporation in the FS_UAS_Ph3 TR23.700-59.
*** Start of changes (all new text) ***
6.X	Solution #X: NWDAF based new analytics event for service quality prediction and monitoring.
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This solution aims to resolve Key Issue #1, "Enhancement of NEF services to support service exposure and interactions between MNOs and UTM functions".
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This solution introduces 2 new NWDAF analytics for:
· Service quality prediction on intended flight path(s)/corridor(s) represented in 4D (longitude, latitude, height, time)
· Service quality monitoring for an approved flight path or flight path segment(s) represented in 4D (longitude, latitude, height and time)
The USS/UTM makes use of the novel analytics Id "Service Quality Prediction along a flight corridor", for flight path authorization of UAV.
The USS/UTM further uses the analytics Id "Service quality monitoring along a flight corridor", for detection of any network issues and accordingly alter the flight path or time schedule of the UAV to ensure safe operation of the UAV.
Meta data that describes the flight path from the USS/UTM to NWDAF may include: 
· Flight Corridor in time: 3D way point, acceptable deviation per 3D way point, acceptable flight time range per way point. 
· Intersection 3D way points across flight corridors that can let the network know when a new flight path can change; (assuming the existence of flight corridors a path cannot change at any point in time unless a UAV reaches an intersection of flight corridors).  
· Minimum QoS:  RT delay, jitter, connectivity disruption tolerance in time, positioning support, UL/DL throughput.    
· Target: UE, group of UEs, any UE.
· Mode of operation among a group of UAVs: collaborative (indicating the root UAV that can reach and provide connectivity for the others), non-collaborative (this may serve as a flag to indicate that a group of UAVs can be divided in any possible way and may use different flight paths that assure the desired minimum QoS). 
· Scheduled flight time and acceptable deviation.
· Meta data that describes the feedback from the NWDAF to the USS/UTM may include: 
· Problematic (not assuring minimum QoS) flight path segment, 3D way point.
· Recommendation options: change height, pick another flight path (out of the selected ones), change speed.
· Time to path intersection for path modification.
· Indicate if a group of UAVs shall be divided to follow different flight paths and create suggestions of the new UAVs groups.   
· Indicate if path modifications or time schedule modifications change the scheduled flight time to reach the desired destination. 
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6.X.3.1	Verification & monitoring of acceptable connectivity through an intended flight path of UAS
The detailed solution is described in Figure 6.X.3.1-1 below.
The USS/UTM (acting as an external AF) can access 3GPP exposed services using the public identifier of the UE (used in the UAV). Below pre-conditions apply:
· When UAV authentication/authorization procedure is used:
· UAV is authenticated during PDU session establishment (or optionally at 5GS registration) by USS/UTM.
· 3GPP system provides the public identifiers (e.g. GPSI, IP address) of the UE (used in the UAV) to the USS/UTM.
· USS/UTM uses the public identifier of the UE to access 3GPP exposed services.
· When UAV authentication/authorization procedure is not used:
· UAS operator provides the serving MNO information and the public identifier (e.g. GPSI) of the UE (used in the UAV) to the USS/UTM.
· USS/UTM uses the public identifier of the UE to access 3GPP exposed services.



Figure 6.X.3.1-1: NWDAF based new analytics event for service quality prediction and monitoring

1. When USS/UTM receives a flight path authorization request, the USS/UTM sends a request to NWDAF (via NEF) to verify if the network can provide acceptable level of connectivity service throughout the flight path. A new analytics ID (=Service Quality Prediction along a flight corridor) is exposed by the NWDAF via the NEF for this purpose. The request to NWDAF contains below inputs:
· The flight path (or a list of flight paths or a flight corridor, also see Figure 6-2) defined as 3D waypoints and time.
· Minimum required QoS, reliability etc.
· The Expected response parameters. For example, only a YES/NO answer or a detailed report e.g., which flight path(s) the minimum QoS requirement can be met, a projected QoS score for each path per segment (the flight path divided into smaller flight path segments), allowing the USS/UTM to select the preferred flight path. 
· May also include information such as which service UAV will use, i.e. DNN, S-NSSAI, PDU Session etc.
2. The NWDAF collects inputs from the various RAN nodes covering the flight path(s) (+historical data, if available, e.g. from ADRF) and calculates projected QoS and reliability along the requested flight path(s). NWDAF may use below inputs:
a) Policy data from PCF to verify policies related to service area restriction, RAT frequency selection policies, and policies related to PDU sessions of the UE.
b) Current/predicted load from the various RAN and 5GC nodes covering the flight path.
c) Historical load pattern from the various RAN and 5GC nodes covering the flight path.
d) Aerial UE radio conditions or radio coverage through the flight path as per TS 28.552. 
e) Events and alarms generated by the RAN nodes covering the flight path.
f) MDT data related to RSRPs, RSRQs, RLF, RACF of the cells and UE location information.
g) Network topology information such as micro/macro cells, FR, Beams etc.
h) Radio connectivity options with respect to UAV height e.g. cell availability, dual connectivity, supported MIMO modes etc. Different height may enable the UAV to have different connectivity options. 

[image: A picture containing athletic game, honeycomb, sport, dome

Description automatically generated]

Figure 6.X.3.1-2: Illustration of multiple available flight path(s)/corridor(s) for a UAV (e.g. drone) moving from point A to point B.
NOTE 1: As can be seen in Figure 6.X.3.1-2, a flight path is represented in 4D, which contains the 3D waypoints and estimated time of the UAV passing by the 3D waypoint. The segment between 2 consecutive 3D waypoints is referred to as a “flight path segment” in this solution.
NOTE 2: There could be multiple paths available for a UAV to travel from point A to point B. When there are well defined flight corridors available, a flight path can be changed only at some intersections of those flight corridors. Such intersection points are referred to as a flight corridor cross-junction in this paper.
3. NWDAF reports back to USS/UTM on the projected service quality. The report contains:
a) Only a YES/NO answer on whether the requested service quality on the flight path can be met (if the original request indicated only a binary answer), or
b) A detailed report on each requested flight path or flight corridor. For example:
1. The list of flight path(s) where the requested service quality can be met. The NWDAF can also associate an order of preference for each flight path where the service quality can be met.
2. For each flight path, per segment within the flight path the projected/predicted QoS and reliability matrix for a time window covering the estimated time of the UAV passing a cell that is covering the 3D way point(s).
3. Information regarding flight path segment(s) that might see service quality degradation (e.g. due to high load during e.g. peak hour traffic) at a specific time, etc.
4. Indication of urgency (when a path needs adjustment). 
NOTE 3:	Each of the above values can be associated with a "confidence in prediction" value.
4. USS/UTM selects a specific flight path based on the report from NWDAF and informs the UAV (outside the scope of 3GPP).
5. USS/UTM subscribes to NWDAF for further event notification when the service quality is degraded or is expected to degrade for the selected flight path for the UE. A new analytics ID (=Service Quality Monitoring along a flight corridor) is exposed by the NWDAF via the NEF for this purpose. The inputs needed for the analytics event subscription are 3GPP UE ID (e.g. GPSI or Group Id), Flight path (in 3D way points and time), expected/required service quality, etc. The USS/UTM may subscribe to such analytics event notifications only for a part of the total flight path, (e.g. only the next immediate “n” number of flight path segments or the flight path segments that will be traversed/entered by the UAV in next “t” time or when a UAV flight path is within a particular geographical area, or the network conditions surpass a given performance threshold(s)).
6. USS/UTM may periodically update the subscription based on current location of the UAV. (NWDAF does not need to analyse service quality in the past locations. Analysis is needed only for remaining path from current location). USS/UTM may perform this action when it finds that the UAV is approaching a flight corridor cross-junction where it is possible to alter the flight path (if needed) to reach the same destination. Or, if only a partial segment of the total flight path was subscribed earlier, the USS may update the subscription with the next flight path segment(s) when the UAV has reached or is approaching the last flight segment.
7. Based on the analytics performed for “Service Quality Monitoring along a flight corridor”, if the NWDAF finds a current or projected/predicted service degradation in a specific monitored path segment in the time the UAV is expected to pass this segment, it reports the same to the USS/UTM (via NEF). The report contains information on the expected service degradation such as the impacted area and time, the level of service degradation, etc. The report may also contain information about adjacent areas or UAV height or time schedule supporting the USS/UTM to possible alter the flight path to avoid the impacted area.
8. USS/UTM checks if there is a possibility to alter the UAVs flight path or flying conditions (i.e. height or time schedule) to reach the same destination. The USS/UTM may repeat steps 1-3 to determine an alternate flight path for the UAV.
9. USS/UTM instructs the UAV to alter its flight path and/or flying conditions (i.e. height or time schedule) as determined in Step 8 (not in scope of this study).

USS/UTM updates the subscription to NWDAF based on the new path selected. Then steps 6-10 are repeated. 
6.X.4	Impacts on services, entities and interfaces
NEF
· New API/parameters to support new analytics exposure
NWDAF
· Support of new analytics ID and new analytics event reporting

*** END of changes ***
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