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Abstract: This contribution is proposed to map the UAS reference architecture to 5GS system.
1. Introduction/Discussion
The existing UAS reference architecture in clause 4.3 TR 23.745 is depicted from the service point of view involving multiple stakeholders (e.g., USS/UTM, TPAE), however it is not clear how those reference points will be mapped to 5GS.
1.1 Mapping UAS reference architecture to 5GS system

It is can be concluded from the clause 4.3 TR 23.745 that:
· UAV3, UAV4, UAV5, UAV8 link the network transport technology and application layer C2 link
· UAV3 is the network user plane which actually is the Uu-N3-(N9)-N3-Uu in 5G system

· UAV4 is the network user plane to TPAE, i.e., Uu-N3-N6-DN.

· UAV5 is the network user plane to internet based UAV controller, i.e., Uu-N3-N6-DN.

· UAV8 is the non-3GPP access e.g., WiFi, Bluetooth etc to carry C2.
· UAV9 is the network user plane to USS/a networked UAV Controller , i.e., Uu-N3-N6-DN, which carries the application signalling / user traffic
· U2U, UAV7 both support broadcast RID in different access technology.
· U2U are the device-to-device access technologies, i.e., PC5-S or PC5-U

· UAV7 and TPAE are outside the scope of 3GPP

· UAV1 may be the existing NAS reference with AMF and SMF or just the user plane to the 3GPP network, i.e, Uu-N3-(N9) to UPF
· Both UAV2 and UAV6 contains the interface with to 3GPP system for remote identification and tracking, just as the belongs to different parties.
Based on above analysis, it is proposed to mapping the reference points in Figure 4.3-1 to 5GS as follows:
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Mapping UAS reference architecture to 5GS system (UAV and UAVc are within same PLMN)
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Mapping UAS reference architecture to 5GS system (UAV and UAVc are across different PLMNs)
1.2 Mapping UAS reference architecture to 5GS system

Based on SA1 requirements and the real UAS business practice, the following functions/services are additionally required and are not supported by the existing 5GS system:
1. UAV and/or a UAV Controller identities management for UAV authorization, authentication, identification, and tracking of UAVs
· Is the existing UE identity enough? Identity/identities of a UAS is known to UTM/USS for UAS identification from 3GPP system, GPSI is the candidate but public to everyone.

· Where to store identity/identities of a UAS? Data in UDR/UDM is not exposed to 3rd parties, and storing UAS identities UDR/UDM open securities issues.

2. Location augmentation and verification:
· Current LCS does not support location augmentation, i.e., augmentation may be trust-based (i.e. the MNO informs the UTM that the UAV position information is trusted), which is the UAV specific service/requirement.
· Current LCS does not support location verification of the location provided by UTM/USS and the network-based location.

· Current LCS does not support verification of the distance between the UAV location and its UAVc location. Some regulations requires this for VLOS case.

3. Area based UAV identification and monitoring:
· The airspace may operated by different UTM/USS cloud operators which are authorized by the authority. Such UTM/USS would like to verify the UAVs flying in its airspace is the same as the UAVs being authorized.

· If UTM/USS monitors some suspected UAV without knowing its identity, the UTM/USS would like to check the inventory of authorized UAV to determines the suspected UAV

· Such functionality cannot be satisfied by the existing 5GS architecture 

Based on above analysis, it is proposed to introduce a new function entity to 5GS as follows as UAV control function as follows:
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Mapping UAS reference architecture to 5GS system (UAV and UAVc are within same PLMN)
With this architecture, the UCF perform following functions:

The UCF performs the following functions:

· UAS identities database, maintaining the UAS identities, and supporting UAS identities query by 3rd party, e.g., TPAE or USS/UTM. 
· location augmentation and verification service to UTM/USS including:

· verification of the location provided by UTM/USS and the network-based location,
· verification of the distance between the UAV location and its UAVc location.

· area based UAV identification and monitoring service to UTM/USS including:
· provide UAV enter/leaving event notification,
· provide UAV list (UAS identities and its network based location)

As a conclusion, this pCR is proposed to introducing a new NF (i.e., UCF) to support UAS related service and map the UAS reference architecture and reference points to 5GS with this UCF.

2. Text Proposal

It is proposed to capture the following changes vs. TR 23.754.
* * * * First change * * * *

4.3
Reference Architecture
4.3.1
UAS Reference Architecture
Editor's note:
This clause describes the reference architecture for this study.
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Figure 4.3-1: Overview of UAV architecture in a 3GPP System

The architecture considers a Third Party Authorized Entity (TPAE), which is not part of the UTM functionality.

The following reference points are considered:

-
UAV1: interfaces the UAV with the 3GPP system to support UAV authorization, authentication, identification, and tracking.

-
UAV2: interfaces a TPAE with the 3GPP system for remote identification and tracking.

NOTE 1:
The semantics of UAV2 are outside the scope of this study. However, the UAV identification information is part of the study.

Editor's note:
No assumptions are made as to whether UAV2 is a control plane or user plane interface.

-
UAV3: 3GPP user plane connectivity for transporting C2.

NOTE 2:
C2 is an application-level protocol, and specific solutions for C2 are outside the scope of this TR. The messaging content of UAV3 is out of scope of this TR.

-
UAV4: interfaces a TPAE with a UAV over 3GPP network for:

-
Command and control (C2).

-
Remote identification (RID) and tracking of the UAV.

NOTE 3:
At any given time, a UAV may be controlled mutually exclusively by an UAVC, a TPAE, or the UTM. Therefore, C2 to a UAV may be either over UAV3 or UAV4.

-
UAV5: like UAV3 but on a transport outside the scope of 3GPP.

-
UAV6: interfaces the 3GPP system with external USS/UTM for functionality exposure, support of identification and tracking, and UAV authorization.

-
UAV7: for RID information sent in broadcast, on a transport outside the scope of 3GPP.

-
UAV8: UAV8 is used for C2 over a transport outside the scope of 3GPP.

NOTE 4:
UAV8 is outside the scope of 3GPP.

-
UAV9: UAV9 supports connectivity between the UAV or a networked UAV Controller and the USS/UTM.

-
U2U: supports UAV to UAV communications for broadcast RID.

NOTE 5:
U2U is outside the scope of this TR.

4.3.2
Mapping UAS reference architecture to 5GS system

4.3.2.1
Mapping UAS reference architecture to a single PLMN

Figure 4.3.2.1-1 shows the mapping of the UAS reference architecture to a single PLMN. In this model, the UAV and its UAV Controller are from the same PLMN.
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Figure 4.3.2.1-1: Mapping UAS reference architecture to a single PLMN
In this UAS architecture, the UAV Control Function (UCF) is a network function in 5GC in 3GPP System and interfaces with the USS for identification and tracking, and UAV authorization.
The UCF performs the following functions:

· UAS identities database, maintaining the UAS identities, and supporting UAS identities query by 3rd parties, e.g., TPAE or USS/UTM.
· location augmentation and verification service to UTM/USS including:

· verification of the location provided by UTM/USS and the network-based location,
· verification of the distance between the UAV location and its UAVc location.

· area based UAV identification and monitoring service to UTM/USS including:
· provides UAV enter/leaving event notification,
· provides UAV list (UAS identities and its network based location)

The UAS Application Server (UAS AS) includes AF functionality, and may support at least the following capabilities:

· Receive uplink data from the UAV/UAVc UE over unicast including UAV/UAVc operation authorization request, command and control (C2) from UAV controller, location report.

· Send downlink data to the UAV/UAVc UE over unicast/multicast including UAV/UAVc operation authorization result, command and control (C2), RID information broadcast, no-fly/restricted-fly zone area etc.

· Interface with UCF for identification and tracking, and UAV authorization.

· Interface with UCF for location augmentation and verification service, e.g., request the UCF to verify the UE location reported from UAV/UAVc is trusted or not.
· Interface with UCF for area based UAV identification and monitoring service to get UAV list in a specific area.
The UAS application server may be the USS, TPAE or other UAS application server providing certain kinds of UAS services and belongs to different parties.
The UAS application client, located in the UAV and UAV controller, supports the Command and control, RID information broadcast, UAS operation authorization with USS/UTM, etc.

Reference points

UAS Application – UAS Application Server (UAV4/5/7/9):
The reference point between the UAS applications in the UAV/UAVc UE and in the UAS Application Server. This reference point may support the UAS operation authorization with USS/UTM, C2, UE location report, remote identification, etc. This reference point is outside the scope of the specification.

UAS Application in UAV - UAS Application in UAV/UAVc (UAV3/8, U2U):
The reference point between the UAS Applications in the UAV/UAVc UEs. This reference point may include C2, RID broadcast. The reference point may over 5G prose, Uu-IP connectivity, or other non-3GPP technologies e.g., WiFi, internet. This reference point is outside the scope of the specification.

Nucf (UAV2/6):
In the case of UAS Service, services provided by UCF are used by 3rd parties (e.g., USS/UTM, TPAE) to request UAS identification, location augmentation and verification, location tracing, UAV list in a certain area etc.
4.3.2.2
Mapping UAS reference architecture to multiple PLMNs
Figure 4.3.2.2-1 shows the high level view of mapping UAS reference architecture to multiple PLMNs. In this model, the UAV and its UAV controller are from the different PLMNs.
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Figure 4.3.2.2-1: Mapping UAS reference architecture to multiple PLMNs
* * * * End of changes * * * *[image: image7.png]
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