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1. Introduction
This pCR propose to remove the Editor’s Note on supplementary location information found in KI #3, and align the proposed solutions for KI #3 (solution #1 and solution #3).
2. Reason for Change
To complete and better compare solution #1 and solution #3, it is proposed to convert the Editor’s Note in the description of KI #3 to a NOTE, and remove the related Editor’s Notes on supplementary location information that only is found in one of the solutions but is equally applicable to both.
3. Proposal

It is proposed to agree to the following change to 3GPP TR 23.755, v 0.11.0.
* * * First Change * * *

5.3
Key issue#3: UAV location information

The location related stage 1 requirements are specified in 3GPP TS 22.125 [3] which are required to be supported by the 5GS. The UAV can report to USS/UTM various types of location information including absolute positioning like GPS coordinates and relative positioning like Cell IDs, nearby UAVs at the particular time instance, etc. The location information from the UAV cannot be fully trusted. The 3GPP system can also provide the location of a UE (in this case the UAV). The accurate positioning of UAV is necessary for UAV field operations of the USS/UTM.

Hence, it is required to study the following:

-
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?


NOTE 1:
The additional parameters and values for the additional location information will be determined during the normative work.

NOTE 2:
It is the responsibility of SA3 to address the issues related to spoofing and forging of location information by UAVs.
* * * Next Change * * *

8.1
Solution #1: Network assisted positioning for USS/UTM
8.1.1
Solution description

8.1.1.1
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 network assisted positioning used by UAV and USS/UTM respectively are covered. This solution uses existing features for estimating location of a UE by a 3GPP Location Server and the network sending this as supplementary location information to the USS/UTM based on request.

In E-UTRAN, the location services are outlined in 3GPP TS 23.271 [7] and 3GPP TS 36.305 [14]. The methods that can be provided by the UE in the UAV or UAV-C are:

-
network-assisted GNSS methods;
-
downlink positioning;
-
enhanced cell ID method;
-
uplink positioning;
-
WLAN method;
-
Bluetooth method;

-
Terrestrial Beacon System method;

-
Sensor based methods:

-
Barometric Pressure Sensor;

-
Motion sensor.

In NG-RAN, the location services are outlined in 3GPP TS 23.273 [8] and 3GPP TS 38.305 [15]. The methods that can be provided by the UE in the UAV or UAV-C are:

-
network-assisted GNSS methods;
-
observed time difference of arrival (OTDOA) positioning;
-
enhanced cell ID methods;

-
WLAN positioning;

-
Bluetooth positioning;

-
terrestrial beacon system (TBS) positioning;

-
sensor based methods:

-
barometric Pressure Sensor;

-
motion sensor.

Both E-UTRAN and NG-RAN support a variety of methods that can be used to provide location information about the UAV / UAV-C. Besides OTDOA, the methods in E-UTRAN and NG-RAN are similar.

NOTE 1:
The above listed methods for location services are taken from the current release 16 versions of 3GPP TS 23.271 [7] and 3GPP TS 23.273 [8]. The list of applicable location services must be verified during the normative work.

The UCF can be used to receive location information from 5GS and provide a uniform / standardised set of location information parameters to the USS/UTM.

The UCF can be used to verify or to complement location information provided directly between the UAS Client and the USS/UTM.


The solution uses a network function called UAV Control Function (UCF) to process location information from 3GPP Location Services and from the USS/UTM. The UCF will provide the USS/UTM with positioning information that are further processed. The UCF interface options are:

a)
UCF located in 5GC: with a Location Server directly accessible (via SBA), 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 2:
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.
The requirements on positioning between a UE and the 3GPP network as outlined in 3GPP TS 22.071 [2] and 3GPP TS 22.261 [4] are provided by the 3GPP-network and are considered trusted, while positioning provided by a UAV between the UAV and the USS/UTM are provided by a terminal and are considered not trusted.
All location information sent directly from the UAS-client to the USS/UTM is not trusted. This solution enables the MNO/network to provide trusted location information of the UAV (or UAV-C) to the USS/UTM based on network information. The USS/UTM "subscribes" to location information from the network (via UCF/NEF) for location reports provided by the 3GPP system for a given UAV (or UAV-C). The UCF sends location reports based on network location information of the UAV (or UAV-C) to the USS/UTM.

8.1.1.2
Network assisted positioning provided to USS/UTM
The USS/UTM may require to be aware of the UAV's position during the entire duration of the UAV's flight due to regulatory requirements. This positioning information can be obtained by the UAV using the on-board GNSS unit of the associated UE or other means. The UAV then uses this positioning information when updating UAV-C and/or USS/UTM with live location information. Network assisted positioning is provided to USS/UTM to enable more precise or reliable UAV tracking information. Additionally, the UAV reported live location information to USS/UTM can be verified by the USS/UTM by means of supplemental network provided positioning information.
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Figure 8.1.1.2-1: Procedure for Network assisted positioning provided to USS/UTM

NOTE:
All parameters related to positioning, like e.g. flight plan, 3D waypoint, measurement precision, radar and broadcast information are examples only. Further, information related to positioning also depend on regulatory requirements.


Pre-conditions: 

-
The UAV and UAV-C are both registered with the network (if the UAV-C is a UE) and USS/UTM, and are authorized for flight operations with mechanisms outside the scope of this solution.
Steps from the figure are described next:
1a-1b.
The NR positioning protocol is established between the UEs (the UE associated with the UAV and the UE associated with the UAV-C) and the Location Server in the network. As part of the protocol establishment, the location measurement and reporting configurations are also established. Such parameters may include the periodicity and positioning type (e.g., E-CID, A-GNSS, RSTD, etc.). Location and positioning is specified according to 3GPP TS 23.271 [7] and 3GPP TS 36.305 [14] for E-UTRAN and 3GPP TS 23.273 [8] and 3GPP TS 38.305 [15] for NG-RAN.
2a-2b.
The UAV reports measurements using the positioning protocol to the Location Server. The reporting quantities, periodicities, and other quantities are as per the configuration exchanged during the positioning protocol establishment.

3a-3b.
The UAV reports its live location information to the USS/UTM as per configuration (e.g. based at least on regulatory requirements such as periodicity, precision, etc.) on the communication interface between the UAV and the USS/UTM. This reporting configuration can be supplied before or during flight authorization, or in step 1. These reports can include readings from the on-board GNSS unit and, perhaps, augmented by an inertial measurement unit, if available.

4a.
The USS/UTM at any time sends a UAS Positioning Assistance Request to the UCF. This message includes an identifier of the UAV, required positioning or tracking quality requirements including for different flight stages, etc.). Positioning requirements information can be known to the network (e.g. established with USS/UTM during UAS flight authorization). In that case, it is possible that the USS/UTM directly requests the network to activate the network assisted positioning reports (i.e., skip 4a/b straight to 4c). 

4b.
Upon receiving a UAS Positioning Assistance Request message from the USS/UTM, 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, 

4c.
Upon receiving the UAS Positioning Assistance Response message, the USS/UTM can transmit a UAS Positioning Assistance Confirm message to the UCF to signal conclusion of the positioning configuration establishment and/or to activate positioning report transmission by the UCF.

4d.
The UCF sends a Positioning Request to the Location Server including the UAS ID and the positioning configuration established with the USS/UTM.

4e.
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.

5-6.
The UCF, upon receiving the UAV positioning information from the Location Server, provides the UAV location information based on network positioning measurements to the requesting USS/UTM. This network supplied UAV position can be used by USS/UTM to verify UE supplied location information (step 3).

8.1.2
Solution evaluation

The SEAL layer can be enhanced to support the UCF functionality illustrated in this solution. 

NOTE:
SEAL is an enabler layer for multiple verticals and this solution can be applicable for other verticals e.g. V2XAPP.
* * * End of Changes * * *
* * * Included for Information * * *

8.3
Solution #3: Support for supplementary UE location
8.3.1
Solution description

The UAV/UAV-C may have a relationship with a USS/UTM for its application layer operations. In that context UAV/UAV-C can periodically provide certain location information to the USS/UTM. In order to enhance the location information at the USS/UTM, the USS/UTM can obtain supplementary UE location information from the SEAL Location Management Service as specified in 3GPP TS 23.434 [9]. The SEAL LMS provides the supporting enhanced location reporting service to the upper UAS application layer. This solution addresses key issue#1 and key issue#3

Figure 8.3.1-1 illustrates the solution for USS/UTM to register to recieve supplementary UE location information from the SEAL location management server.
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Figure 8.3.1-1: Registration for supplementary UE location information

1.
The USS/UTM sends register supplementary UE location information request to the SEAL LM server with the UAV and UAV-C information and the requested supplementary UE location information (e.g. additional location information, accuracy information, 3GPP location information like cell ID, network positioning information)

2.
Upon receiving the request, the SEAL LM server checks whether it can support the supplementary UE location information requested by the USS/UTM. It further stores the registration information which it can process.

3.
The SEAL LM server sends a response information accepting or rejecting the registration. If accepted, it indicates the supplementary UE location information is supported by the SEAL LM server.

Figure 8.3.1-2 illustrates the solution for SEAL LM server to provide the supplementary UE location information to the USS/UTM.

Pre-conditions:

-
The USS/UTM has registered for the supplementary UE location information with SEAL LM server for the UAV/UAV-C.

-
The SEAL LM client of the UAV/UAV-C has been provisionined with SEAL LM server information.
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Figure 8.3.1-2: Notification of supplementary UE location information

1.
UAV/UAV-C triggers SEAL LM client to send location report to SEAL LM server as specified in 3GPP TS 23.434 [9].

2.
Upon detection of step 1, the SEAL LM server obtains the UE location corresponding to the UAV/UAV-C from the 3GPP CN due to the need to generate the notification to the USS/UTM because of the established registration for supplementary UE location information. The interactions of SEAL LM server and 3GPP CN is specified in 3GPP TS 23.434 [9]. In addition, SEAL LM server interacts with 3GPP CN for location information as specified in 3GPP TS 23.271 [7].

3.
The SEAL LM server adds the supplementary UE location information to the UE location report and sends the enhanced UE location report to the USS/UTM .

8.3.2
Solution evaluation

This is a viable solution to address key issue#3 and key issue#1 where the SEAL LM server augments in real-time the location reports from the UE (UAV/UAV-C) to the USS/UTM with 3GPP network position info.
* * * End * * *
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