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1 Introduction
This contribution proposes to add functionality on location services for the solution on network assisted positioning for USS/UTM.
2 Reason for Change
2.1 Introduction
Three Editor’s Notes related to positioning are introduced in clause 8.1.1.1
Editor's Note: It is FFS and must be further studied how existing functions for Location Services in 3GPP that can be utilized to provide location services for the USS/UTM, and whether any gaps exist. 
Editor's Note: It is FFS and must be further studied what additional location information that is provided from the UAS Clients in the UAV and UAV-C and the USS/UTM. 
2.2 Stage 1
The following high level requirements from TS 22.071 are applicable:

1
The supporting mechanisms should incorporate flexible modular components with open interfaces that facilitate equipment interoperability and the evolution of service providing capabilities.

2
The network should be sufficiently flexible to accommodate evolving enabling mechanisms and service requirements to provide new and improved services.

3
It shall be possible to provide multiple layers of permissions to comply with local, national, and regional privacy requirements.

4
Multiple positioning methods should be supported in the different Access Networks, including (but not limited to):

-
Modernized GPS;

-
SBAS (Satellite Based Augmentation Systems: EGNOS, WAAS, GAGAN, MSAS);

-
QZSS (Quasi Zenith Satellite System);

-
GLONASS

-
BDS

-
Galileo
-
U-TDOA

-
E-OTD

-
IPDL-OTDOA

-
Network Assisted GNSS (e.g. Network Assisted GPS or Network Assisted GALILEO) 

-
UE ambient condition sensors based positioning



-
Motion sensors (e.g. accelerometers, gyroscopes)



-
Environmental sensors (e.g. barometer)



-
Position sensors (e.g. magnetometers, orientation sensors)

-
TBS

-
Beacon identity for location lookup (e.g. WiFi access points or BLE beacons)

- 
RF Pattern Matching

-
Methods using cell site or sector information and Timing Advance or RoundTrip Time measurements.

5
The location determining process should be able to combine diverse positioning techniques and local knowledge when considering quality of service parameters to provide an optimal positioning request response.

6
It should be possible to provide position information to location services applications existing within the PLMN, external to the PLMN, or in Mobile Equipment;

7
Support should be provided for networks based on Intelligent Network architecture (i.e. with specific support for CAMEL based Location Services).

8
Support may optionally be provided to enable the routing of emergency calls based on the geographic coordinates (latitude and longitude) of the calling party.

9
It shall be possible to provide the originating party’s serving cell id to the LCS client.

According to TS 22.071, it is applicable to E-UTRAN, GERAN and UTRAN to facilitate determination of the location of a mobile station.

______

It is assumed that only E-UTRAN and NG-RAN are applicable technologies for UAV. This must be confirmed by SA1.
It is assumed that the same requirements also apply to 5G. This must be confirmed by SA1.
2.3 Stage 2

2.3.1 LCS Methods in GERAN, TS 23.271 and 43.059
Locating methods to be supported in GERAN:

-
cell coverage based positioning method (Timing Advance);

-
Enhanced Observed Time Difference (E-OTD) positioning method;

-
A-GNSS based positioning methods;

-
Uplink Time Difference of Arrival (UTDOA) positioning method (Multilateration Position Methods).

2.3.2 LCS Methods in UTRAN, TS 23.271 and TS 25.305
The standard positioning methods supported within UTRAN are:

-
cell ID based method;

-
OTDOA method that may be assisted by network configurable idle periods;
-
network-assisted GNSS methods;
-
U-TDOA;
-
Barometric Pressure method;

-
WLAN method;

-
Bluetooth method;

-
Terrestrial Beacon System methods.
NOTE:
Barometric Pressure method, WLAN method, Bluetooth method, and Terrestrial Beacon System methods can only be configured using RRC signaling together with OTDOA or GPS positioning methods.
2.3.3 LCS Methods in E-UTRAN, TS 23.271 and TS 36.305
The standard positioning methods supported for E-UTRAN access 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.

Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, eNB-assisted, and LMU-assisted/E-SMLC-based versions. Table 4.3-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.

Table 4.3-1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes

(UE-based and UE-assisted)

	Downlink Note1
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No

	Sensor
	Yes
	Yes
	No
	No
	No

	WLAN
	Yes
	Yes
	No
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No
	No

	TBS Note 2
	Yes
	Yes
	No
	No
	Yes (MBS)

	NOTE 1:
This includes TBS positioning based on PRS signals.

NOTE 2:
In this version of the specification only for TBS positioning based on MBS signals.


Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding sections.
2.3.4 LCS Methods in NG-RAN, TS 23.273 and TS 38.305
The standard positioning methods supported for NG-RAN access 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.

Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/LMF-based, and NG-RAN node assisted versions. Table 4.3.1-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.

Table 4.3.1-1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes (UE-assisted)

	E-CID Note 3, Note 4 
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	NOTE 1:
This includes TBS positioning based on PRS signals.

NOTE 2:
In this version of the specification only OTDOA based on LTE signals is supported.

NOTE 3:
In this version of the specification only E-CID based on LTE signals is supported.

NOTE 4:
This includes Cell-ID for NR method.

NOTE 5:
In this version of the specification only for TBS positioning based on MBS signals.

NOTE 6:
Void


Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding clauses.
.
3. Conclusions

It is proposed to send an LS and ask SA1 to confirm the following for UAS in Rel-17:
· It is assumed that E-UTRAN and NG-RAN (i.e. not GSM/GPRS and UTRAN) are applicable accesses for UAS.
· It is assumed that the requirements for positioning as outlined in TS 22.071 also apply to NG-RAN. TS 22.071 currently only mention E-UTRAN, GERAN and UTRAN.
· It is assumed that SA1 has no additional requirements for positioning for UAS beyond what is outlined in TS 22.071 and TS 22.125.

The proposed outgoing LS is found in S6-200028
4. Proposal

It is proposed to approve the following changes to 3GPP TR 23.755 v0.5.0.
* * * First Change * * * *
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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 UAV 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 23.371 [x1] and 3GPP TS 36.305 [x2]. 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 23.373 [y1] and 3GPP TS 38.305 [y2]. 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.
Editor's Note: SA1 must confirm what accesses / RATs that are applicable for UAS. Currently E-UTRAN and NG-RAN are included in the TR.
The UCF can be used to close the gaps between E-UTRAN and NG-RAN 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.

Editor's Note: It is FFS and must be further studied what additional location information that is provided from the UAS Clients in the UAV and UAV-C 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 (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.
Editor's Note: whether this solution addresses both the trusted and untrusted location reporting requirement is FFS. 
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.

Editor's Note: It is FFS and must be further studied what parameters for positioning that are relevant. 
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.).

Editor's Note: whether a new protocol is required or an existing protocol may be used, is FFS. 
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).

* * * End of Changes * * * *
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