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1
Introduction
The 3GPP has previously worked on supporting Uncrewed/Unmanned Aerial Systems (UASs) using LTE. An Uncrewed Aerial System (UAS) is the combination of an Uncrewed Aerial Vehicle (UAV) (often called a drone) and a UAV controller [1]. The 3GPP has also recently worked on supporting a UAS using 5G NR. In a typical UAS scenario supported by the 3GPP, the UAV is a UE. The 3GPP refers to the radio access node on-board UAV as the UxNB, which is carried in the air by a UAV [1]. A 5G UE on a UAV communicates with an on-the-ground gNB to meet its communication needs. There are two main types of roles a UAV may play in a wireless system. In one role, the UAV obtains communications services from the wireless network to support its functions. For example, the UAV as a UE can transmit a video created by the UAV to an Application Server (AS) using an on-the-ground gNB and the 5GC. In another role, the UAV itself can provide communication services to other UEs that do not have adequate coverage using sidelink communications (e.g., by acting as a UE-to-Network relay). In this second role, a key challenge is that a UAV UE cannot support many users because it has limited processing capabilities. Hence, if a UAV needs to meet communication needs of UEs that have poor or no coverage from the gNBs (i.e., Coverage-Challenged UEs (CCUEs)), especially during disasters, a typical UAV UE would be inadequate. Additional UAS architectures could be investigated by the 3GPP, where a UAV can house a UAV Network Function (UAVNF) to serve communication needs of CCUEs efficiently and cost-effectively. This tdoc provides examples of candidate architectures for the UAVNFs to facilitate discussions in the 3GPP Working groups.

A UAS can provide critical communication services to Public Safety personnel, people, and IoT devices in a large coverage area during disasters such as wildfires, floods, mudslides, and earthquakes. This tdoc focuses on architecture enhancements with special benefits for the use case of “On-demand Spatial and Temporal Coverage using UAVs.”
On-demand Spatial and Temporal Coverage using UAS
With a suitable architecture, A UAS can utilize multiple UAVs provide reliable coverage and enhanced QoS compared to a traditional cellular network in several cases such as (i) events where good coverage is not feasible due to a challenging radio environment (e.g., in support of firefighters and medical personnel in a building experiencing fire), (ii) remote areas with poor cellular coverage (e.g., wildfires in forests and floods and mudslides in national parks), (iii) disasters that damage or destroy the wireless network infrastructure, and (iv) events that cause heavy wireless communications traffic (e.g., concerts, games, and state fairs). A UAS can provide cost-effective or essential coverage with a suitable level of capacity and QoS during specific time periods in such cases. 

The 3GPP started discussing potential study items and work items for Release 19 in the R19 RAN Workshop held in June 2023 [2].  UAV/UAS was one of the items discussed during the R19 RAN workshop. The National Spectrum Consortium (NSC) submitted a contribution on UAS architecture enhancements in the 3GPP R19 workshop in June 2023 [3]. This tdoc expands on the UAV architecture enhancements to significantly increase the utility of UAVs/UASs by increasing the spectral efficiency and the UAV operating period while reducing the cost of UAV deployments. Enhancements to UAV architectures suggested in this tdoc can be considered as part of the UAV study being carried out by the 3GPP [5].
2
Candidate UAS Architectures
The 3GPP currently supports placement of a UE on a UAV. Such UE on the UAV can act as a UE-to-Network Relay when UEs on the ground do not have satisfactory coverage from the closest gNB(s). Such scenario exists when (i) the radio infrastructure is damaged or destroyed due to disasters or (ii) the practical constraints (e.g., cost and deployment challenges) prevent on-the-ground UEs from obtaining target QoS for their services.  One benefit of using a UAV UE as a UE-to-Network Relay is that sidelink communications can be reused between the UAV UE and on-the-ground UEs. Another benefit is that the UAV UE can have an excellent radio channel with its serving BS due to Line-Of-Sight (LOS) propagation and high-gain beamforming and hence can ensure reliable communications between itself and the serving gNB. A yet another benefit is that the distances between the UAV UE and on-the-ground UEs are much shorter compared to the distances between the serving gNB of the UAV UE and on-the-ground UEs, enabling the use of higher Modulation and Coding Scheme (MCS) and hence enhanced performance. Furthermore, the UE is much lighter than typical network entities such as the gNB and the gNB-DU, enabling the use of low-cost and light-weight UAVs and increasing the UAV flight duration for a given amount of available power due to less weight on the UAV.

However, a UAV UE based solution has several significant shortcomings. The UE has relatively less processing power and relatively less RF power, limiting the achievable performance on the radio link between the UAV and on-the-ground UEs. Furthermore, coordinated scheduling between a UAV UE and other UEs is currently not supported. There is support for one-to-one communication between two UEs based on channel-dependent resource allocation. However, when multiple UEs need to transmit or receive user traffic, such an approach is highly inefficient. Finally, the UAV UE does not have inherent support for edge computing and local Data Network access, because the traffic for an on-the-ground UE typically traverses the UE-to-Network Relay, the gNB, and the (far-away) UPF. If the UAV supports edge computing, lightweight AS can facilitate low-latency and high data rate communications among on-the-ground UEs. For example, on-the-ground UEs of Public Safety personnel can obtain services of an edge computing-based AS or a lightweight UPF for local routing of user traffic such as voice and video. Another example of an edge computing application is indoor positioning of firefighters’ UEs using UAVs situated outside a building experiencing fire
. 
Observation O1. UAVs or UASs can play an important role in providing coverage and high-performance to UEs in challenging radio environments. However, due to limited processing power of the UE, limited RF power of the UE, and lack of coordinated multi-UE scheduling, a UAV UE-based architecture is inadequate.

Proposal P1. The RAN WGs to discuss alternatives to a UE-based UAV architecture to provide high-performance to coverage-challenged UEs.

If a gNB is placed on a UAV, it can provide excellent performance on the radio link between the UAV and on-the-ground UEs because of the availability of more processing power, more RF power, and more capabilities compared to a UAV UE. However, the gNB-based UAV architecture suffers from several important drawbacks. Since a gNB would be significantly heavier than a typical UE, it can make UAV deployments more challenging and costlier and reduce the operational period of a UAV. Furthermore, since the gNB will be moving due to the moving UAV, it will need to connect to the 5GC via a wireless connection. Hence, an alternative to a UE-based UE or a gNB-based UAV should be explored by the 3GPP.

Different UAV/UAS architectures could be investigated by the 3GPP, where a UAV can house a Network Function (UAVNF) to serve communication needs of coverage-challenged UEs efficiently and cost-effectively. As mentioned earlier, a UE as a UAVNF or an integrated gNB as a UAVNF does not seem to be suitable to provide communication services efficiently and cost-effectively. Figure 1 illustrates two candidate architectures for UAVs to enable low-cost, power-efficient, and high-performance UAV deployments. The UAVNF can be a UE that is transformed into a Hybrid Device Network (HDN) or a gNB-DU that is transformed into an HDN.
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Figure 1. Hybrid Device Network (HDN) as a UAVNF on a UAV/Drone

In one candidate UAV architecture, a UE is transformed into an HDN by (at least) adding the scheduling function of a gNB for multiple UEs in its target service area for the UE-to-HDN link and the HDN-to-the-UE link communications. The HDN obtains the radio resources for communication with its UEs from its serving gNB and allocates these resources by acting like a gNB scheduler. The 5G UE in the HDN’s coverage area and the HDN communicate using 5G NR radio interface such as enhanced sidelink protocol stack. The HDN communicates with its serving gNB using the 5G NR Uu radio interface. One possible path for user traffic may be 5G UE-HDN-gNB-UPF-Data Network. Another possible path for user traffic may be 5G UE-HDN-HDN Gateway-Data Network. Yet another path for user traffic may be 5G UE-HDN-5G UE. 

In another candidate UAV architecture, a gNB-DU is transformed into an HDN by (at least) adding a capability of extracting user information from PHY/MAC/RLC layers. The gNB-DU-based HDN may support traffic exchange with a Data Network without the traffic traversing the gNB-CU (although the traffic can still traverse through the gNB-CU if desired). The gNB-DU may also support gNB-like functions such as implementation of SDAP and PDCP for the User Plane if needed. The 5G UE in the HDN’s coverage area and the HDN communicate using 5G NR Uu radio interface protocol stack. The HDN communicates with its serving gNB-CU using wireless backhaul typically used in Integrated Access and Backhaul (IAB). Note that IAB is also a topic of discussions for R19. One possible path for user traffic may be 5G UE-HDN-(gNB-CU) -UPF-Data Network. Another possible path for user traffic may be 5G UE-HDN-HDN Gateway-Data Network. Yet another path for user traffic may be 5G UE-HDN-5G UE. 

The HDN utilizes a larger power rating Power Amplifier compared to a typical smartphone power amplifier. A commercial smartphone often utilizes the Effective Isotropic Radiated Power (EIRP) of 200 mW or 23 dBm. A higher-power HDN UE can provide better coverage, capacity, and throughput compared to a typical smartphone UE with limited amount of maximum power. Such higher-power HDN UE has better radio environment toward (i) its own serving Base Station and (ii) UEs that it serves. Beamforming can be used in a cell to reuse radio resources allocated to different HDNs for HDN-UE communications. For example, the same radio resources can be reused in different parts of the same cell through spatial separation via beamforming.

Note that the UEs on the ground can access Data Networks such as the Internet by using typical HDN-gNB-UPF path. If low-latency access to a local Data Network is needed, an HDN-Gateway with certain functionality similar to an NTN-Gateway type can be utilized to connect the HDN with the Data Network on the ground as shown in Figure 1. The UAVNF as the HDN can communicate with the HDN-Gateway on the ground via a 3GPP-based or non-3GPP-based wireless link to access the Data Network on the ground. 

The edge computing-based AS can facilitate communications among certain UEs (e.g., firefighter UEs) as mentioned earlier. Such AS may reside on the UAV.
In another example, small form factor gNBs can also be considered, and power monitoring can be included.

A UPF can also be placed on the UAV as needed.

Different ways of saving power on the UAV to extend the UAV operations period should also be considered.

Synergy with other 3GPP initiatives such as Network-Controlled Relays/Repeaters and sidelink should also be considered. 
Observation O2. A gNB-based UAV provides better performance than a UE-based UAV but could make the UAV deployments more challenging and costlier. Architectures such as an HDN-based UAV (designed using a UE-based HDN or gNB-DU-based HDN) possess unique capabilities and can provide high-performance communication services to coverage-challenged UEs efficiently and cost-effectively.

Proposal P2. The RAN WGs to discuss and evaluate candidate architectures such as UAVs with UE-based HDNs and gNB-DU-based HDNs to provide flexibility to operators for cost-efficient, power-efficient, and high-performance UAV/UAS deployments. 

3
Summary
Here are our observations and associated proposals.

Observation O1. UAVs or UASs can play an important role in providing coverage and high-performance to UEs in challenging radio environments. However, due to limited processing power of the UE, limited RF power of the UE, and lack of coordinated multi-UE scheduling, a UAV UE-based architecture is inadequate.

Proposal P1. The RAN WGs to discuss alternatives to a UE-based UAV architecture to provide high-performance to coverage-challenged UEs.

Observation O2. A gNB-based UAV provides better performance than a UE-based UAV but could make the UAV deployments more challenging and costlier. Architectures such as an HDN-based UAV (designed using a UE-based HDN or gNB-DU-based HDN) possess unique capabilities and can provide high-performance communication services to coverage-challenged UEs efficiently and cost-effectively.

Proposal P2. The RAN WGs to discuss and evaluate candidate architectures such as UAVs with UE-based HDNs and gNB-DU-based HDNs to provide flexibility to operators for cost-efficient, power-efficient, and high-performance UAV/UAS deployments. 

References

[1] 3GPP, TS 22.125, “Uncrewed Aerial System (UAS) support in 3GPP,” Stage 1.

[2] 3GPP, “Draft Meeting Report for RAN Rel-19 workshop,” June 15-June 16, 2023.

[3] NSC, RWS-230033, “Proposed UAS Enhancements in Release 19,” 3GPP TSG RAN Rel-19 Workshop, June 15-June 16, 2023.
[4] 3GPP, TS 23.256, “Support of Uncrewed Aerial Systems (UAS) connectivity, identification and tracking,” Stage 2.

[5] 3GPP, TR 22.843, “Study on Uncrewed Aerial Vehicle (UAV) Phase 3.”
� Virginia Tech and George Mason University are carrying out a research project to develop a 5G-enabled indoor positioning system using UAVs. Reference: �HYPERLINK "https://www.nist.gov/ctl/pscr/funding-opportunities/past-funding-opportunities/psiap-2022/5g-enabled-indoor-positioning"��https://www.nist.gov/ctl/pscr/funding-opportunities/past-funding-opportunities/psiap-2022/5g-enabled-indoor-positioning� 





