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Introduction
The following agreements were reached during the RAN2#101bis, including the fact that signalling flight path information from the UE to eNB through RRC is supported. The agreements are captured as follows [1]:
Agreement
1	Provide threshold(s) in meters at least through dedicated RRC signaling. Using system information is FFS.
2	Event of UE’s height is above threshold(s) can trigger report. The content of the report are FFS. It can be discussed in the running RRC CR email discussion.
3	Introduce the number of triggered cells for interference detection for UAV UE. FFS the sum of RSRP. 
4	The flight path information provided from UE to eNB through RRC is supported. The trigger condition and content of the information is FFS.

This contribution discusses the triggering options and content of the flight path information report, in line with the corresponding email discussion. 
Trigger Conditions for Flight Path Information
Several trigger conditions for signalling the flight path information have been proposed:
Condition 1) -Upon reception of request of message for flight path information from serving eNB
This condition would result in the triggering being under network control and hence more flexible as the report could be transmitted when required by the network to enhance the Aerial UE mobility performance, especially in the case of HO preparation. In order to introduce such a mechanism, dedicated flight path information request signalling and reporting would have to be added to existing handover (HO) procedures. The network could also indicate whether this reporting should be transmitted periodically.
Observation 1: Condition 1 increases the flexibility of reporting flight plan information since it is under network control.
Condition 2) -Flight path information should be included in the existing measurement report via the existing triggered measurement events, e.g. event A3
Embedding the flight path information in a measurement event would require no additional signalling as it would form part of an existing event. Frequent triggering of the specific event would result in frequent reporting (or any updates) of the flight path information. However, the triggered event would have to be Aerial UE specific, to differentiate this reporting from terrestrial UEs.
Observation 2: Condition 2 does not require any additional signalling overhead in terms of requesting flight path information, however the report should be contained in an Aerial UE specific measurement event.
Condition 3) –Inclusion in the HO command. The new request IE can be included in the HO command, so after a successful HO a UAV can report its flight path information

Embedding a new request IE for flight path information in the HO command could alleviate additional request signalling overhead, when compared to Condition 1). The network still maintains and retains control on whether flight report information is required by the network or not, increasing network flexibility. More specifically, this could involve transmitting the flight path information request in the RRCConnectionReconfiguration incl. mobilityControlInformation message along with the new access parameters for the target cell.

The key issue is the reception timing of the flight path information by the source eNB in order to enhance the Aerial UE’s mobility for the target cells along the flight path. It would be better if the source eNB could be notified of the flight path information prior to the HO command, in order to allow the source eNB enough time to signal the target eNB(s) along the flight path, e.g. to prepare the handovers.
Observation 3: Condition 3 requires that the source eNB requests the flight path information after the preparation of the handover, which may be delayed and limited in time for the network to proactively enhance UAV mobility.
Condition 4): Event of UE’s height is above threshold(s) can trigger report of flight path information and minimum horizontal speed above a certain threshold.
Condition 5): Change in flight path plan
Condition 4) and 5) would be Aerial UE specific and thus be differentiated from measurement events associated with terrestrial UEs. This option does not require any additional signalling overhead in terms of requesting flight path information, as it is triggered when crossing a certain height threshold. However, this should be coupled with another trigger involving a minimum horizontal speed threshold so that the Aerial UE should not needlessly report flight path information when hovering between different altitudes without any horizontal movement. Furthermore, according to Condition 5) in the event that an Aerial UE has an updated/modified flight path plan, the flight path plan report should also be triggered.
Observation 4: Condition 4 and Condition 5 are Aerial UE specific measurement events, and both events should be at least considered as triggering conditions. These condition do not require any additional signalling overhead in terms of requesting flight path information.
Proposal 1: Consider either Condition 1) or 4),5) as a means of triggering the report of flight path information.
Content of Flight Path Information 
According to [2], the contents of the flight path information report were proposed. The flight plan provided by the Aerial UE/UTM provides the network with important Aerial UE mobility information in order to anticipate the arrival at various cells and thus enhance the mobility of the UAV from a network perspective, e.g. preparation of the HOs. The content of the reporting also depends to a large extent on the particular Aerial UE use case and thus should be reconfigurable accordingly. For use cases involving package delivery (See Fig. 1) and area coverage, i.e. for aerial mapping or agricultural applications (see Fig. 2), the take-off point, landing point, next M waypoints with timestamps (M is the number of waypoints) should be included in the flight path. In the case of remote Aerial UE operation as illustrated in Fig. 3, periodic reporting of the 3D location info including directional information should be provided in the event that flight path information is unavailable.


Figure 1: Package-delivery use case with take-off, landing and waypoints
In the package-delivery use case, the objective would be to take the fastest route to the target location. Therefore, based on the imminent M waypoints (where M is the number of waypoints) and knowledge of the Aerial UE speed/velocity, the timing information could be inferred.
Observation 5: Aerial UE’s imminent waypoints and target speed should be sufficent for the “shortest path to target location” use case, e.g. package-delivery.


Figure 2: Area coverage use case with take-off/landing point and waypoints
In the area coverage use case, e.g. farming or mapping, the speed of the Aerial UE could vary and therefore providing the timestamps along with the waypoints is necessary.
Observation 6: Drastically varying Aerial UE speeds when covering specific areas of interest, requires timestamps associated with these waypoints.


Figure 3: Remote Aerial UE operation with 3D co-ordinates and directional information
Observation 7: Flight path plan information might not be available when the Aerial UE is in remote operation mode and updates of the Aerial UE’s 3D position and directional information should be contained in the report.
The M waypoints can be represented by 3D positional co-ordinates and stored as a vector/list. Furthermore, the corresponding time stamp of each waypoint can also be reported enabling the network to schedule the HO preparation more effectively or release any resources.
Proposal 2: The content of the reporting should be reconfigurable in terms of take-off point, landing-point, waypoints and the reporting of current 3D positional and directional information should be regarded as fallback when flight path plan information is unavailable.
Conclusion
This contribution has discussed the various triggers and contents of the flight path information. The following observations were noted:
Observation 1: Condition 1 increases the flexibility of reporting flight plan information since it is under network control.
Observation 2: Condition 2 does not require any additional signalling overhead in terms of requesting flight path information, however the report should be contained in an Aerial UE specific measurement event.
Observation 3: Condition 3 requires that the source eNB requests the flight path information after the preparation of the handover, which may be delayed and limited in time for the network to proactively enhance UAV mobility.
Observation 4: Condition 4 requires that the reporting of the flight path information be dependent on the triggered event of changing height thresholds, which does not correspond with the flight path of the Aerial UE.
Observation 5: Aerial UE’s imminent waypoints and target speed should be sufficient for the “shortest path to target location” use case, e.g. package-delivery.
Observation 6: Drastically varying Aerial UE speeds when covering specific areas of interest, would require timestamps associated with these waypoints.
Observation 7: Flight path plan information might not be available when the Aerial UE is in remote operation mode and updates of the Aerial UE’s 3D position and directional information should be contained in the report.
We therefore have the following proposals with regard to triggering and content of flight path information:
Proposal 1: Consider either Condition 1) or 4),5) as a means of triggering the report of flight path information.
Proposal 2: The content of the reporting should be reconfigurable in terms of take-off point, landing-point, waypoints and the reporting of current 3D positional and directional information should be regarded as fallback when flight path plan information is unavailable.
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