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1. Introduction
This contribution proposes a new solution for Key Issue #3 "UAV location information".
2. Reason for Change
This solution aims to address the following gaps identified in the Key Issue #3 "UAV location information":

-
How to verify the UAV reported location information to the USS/UTM with the location information from the 3GPP system?

-
How to supplement 3GPP system-based location information to the location reporting towards USS/UTM?

This solution leverages conventional features for location information between a 3GPP UE and the 3GPP network to supplement UAV positioning data (e.g. by using GNSS) with network positioning data sent from the UAV to the USS/UTM. The difference between this solution and the one in S6-192059 is that UAV is the consumer of the 3GPP Location Services.
3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.755 v0.4.0.
* * * First Change * * * *

8.X
Solution #X: Network assisted positioning for UAV
8.X.1
Solution description

8.X.1.1
General

This solution aims to address the gaps identified in Key Issue #3 "UAV location information". The solution proposes to enable network assisted positioning support for both UAV/UAV-C and USS/UTM. The procedures for UAV network assisted positioning used by UAV and USS/UTM respectively are covered. This solution uses existing features for estimating location a UE by a 3GPP Location Server and then the network sending this as supplementary location information to the UAV based on request.
The solution uses a network function called UAV Control Function (UCF) to enable UAS and USS/UTM to consume 3GPP Location Services. The UCF interface options within or with the 3GPP system are:

a) UCF located in 5GC: with a Location Server directly accessible (as a NEF), with UE connected over the control plane (via AMF), with USS/UTM accessible via NEF; and
b) UCF located outside 5GC: with a Location Server accessible via NEF, with UE connected over user plane, with USS/UTM accessible via interface outside of the 3GPP scope.
NOTE:
Some or all of UCF functionality can be provided by existing functions (e.g. AMF, PCF). Architecture aspects such as the use of a UCF needs to be verified with SA2 once SA2 work has sufficiently progressed. 
8.X.1.2
Network assisted positioning provided to UAV
The USS/UTM and the UAV-C require accurate UAV position information throughout the duration of the flight to ensure safe UAV operations. This positioning information can be obtained by the UAV from the on-board GNSS unit or by other means. The UAV uses this positioning information when updating UAV-C and/or USS/UTM with live location information. Network assisted positioning is provided to the UAV to enable more precise or reliable UAV positioning information, e.g., to mitigate GNSS signal spoofing or jamming attacks. The UAV can report live location information supplemented with network assisted location information to UAV-C and/or USS/UTM. The UAV can also use the network assisted location information to spot and log any deviation between the UE-provided (e.g., obtained via an on-board GNSS unit or other means) and Network assisted positioning information and to detect e.g., GNSS signal spoofing or jamming attacks.

NOTE:
Security aspects such as the spoofing and forging of UAVs location information attacks above needs to be verified with SA3 once SA3 work has sufficiently progressed.
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Figure 8.X.1.2-1: Procedure for Network assisted positioning provided to UAV

Pre-conditions: the UAV and UAV-C are registered with the network and USS/UTM, and are authorized for flight operations.

Steps from the figure are described next:
1a-1b. The NR positioning protocol is established between the UE-UAV and the UAV-C and the Location Server in the network. As part of the protocol establishment, the measurement configurations are also established. Such parameters can include the periodicity and positioning type (e.g., E-CID, A-GNSS, RSTD, etc.).

2a-2b. The UAV reports measurements related to the positioning protocol to the Location Server. The reporting quantities, periodicities, and other quantities are provided as per the configuration exchanged during the positioning protocol establishment.

3a. The UAV sends a UAS Positioning Assistance Request to the UCF. This message includes the UAS ID (e.g., Remote ID or GPSI format), the UAV flight-plan, required positioning or tracking quality for different flight stages. The flight-plan includes 3-dimensional waypoints (latitude, longitude, altitude) and associated flight volumes (i.e., the volume of space within which a UAV is expected to be located at a given time due to positioning and/or flight control tolerances). Further, the flight-plan can be divided into multiple flight segments where each segment can have a different positioning or tracking quality requirements. The positioning or tracking requirements can include quantities such as precision, maximum tolerance, periodicity, etc. Potential variation of these requirements across flight segments can be due to different levels of positioning or tracking quality available in each segment (e.g., due to different GNSS signal qualities due to known obstructions).

3b. Upon receiving a UAS Positioning Assistance Request message from the UAV, the UCF responds with a UAS Positioning Assistance Response message. This message conveys the UCF’s ability to fulfil the positioning request from the UAV in terms of the requested precision and tolerance for the specified flight segments. The response in the message can be in the form of either “Accept” or “Reject” for each flight segment. 

3c. Upon receiving the UAS Positioning Assistance Response message, the UAV can transmit a UAS Positioning Assistance Confirm message to the UCF to signal conclusion of the positioning configuration establishment and to activate positioning report transmission by the UCF.

4a. The UCF sends a Positioning Request to the Location Server including the UAS ID and the positioning configuration established with the UE (UAV).

4b. The Location Server sends the available position information about the indicated UAV to the UCF. The supplied UAV tracking or positioning information complies with the requested configuration in terms of the precision, periodicity, etc.

5. The UCF, upon receiving the UAV positioning information from the Location Server, populates a Positioning Assistance Report with the network-estimated UAV position.
6. The UCF sends the Positioning Assistance Report containing the requested positioning or tracking information to the UE (UAV). The report is sent periodically according to established positioning configuration.

7. Based on established positioning configuration, the UE (UAV) can use the Positioning Assistance Report information

-
to augment the UAV’s own position estimate (e.g., obtained from an on-board GNSS receiver) or

-
to compare with the UE’s own position estimate, and generate events based on any observed deviation between the two.

8a-8b. The UAV populates and sends the Positioning Report to the UAV-C and the USS/UTM containing UAV location information augmented with network assisted positioning information or an event indicating a difference between the two. Based on configuration, the Positioning Reports can be transmitted periodically if augmented UAV positioning information is used, or when a positioning deviation event is detected by the UAV.

8.X.2
Solution evaluation

Editor's Note:
This subclause will evaluate the solution.
* * * Next Change * * * *
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