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Abstract: This document proposes a use case along with requirements to be considered for FS_UAV_Ph3 in TR 22.843
-------------------- All new text -------------------
5.x	Use case on relay node onboard UAV, mobility between Terrestrial and Satellite access networks  
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]5.x.1	Description
In the event of natural disasters like tsunamis, earthquakes, tornedos and hurricanes, along with livelihoods, terrestrial network deployments also get damaged or disrupted. Cellular coverage gaps are bound to happen surrounding the epicentre of such catastrophic events. To aid recovery efforts in such situations, providing temporary network coverage using Uncrewed Aerial Vehicles (UAVs) [Reference: TS 23.256] mounted with radio access nodes can be paramount. Terrestrial network coverage may be not available in the affected areas, assuming non-terrestrial network coverage is available, backhaul connectivity for such UAV radio nodes can be facilitated through non-terrestrial coverage. In addition, UAVs providing radio access can be hovering in a particular location or they can be mobile depending on the situational demands. 
UAVs are so popular these days that they are used in all industry verticals. Another such use case is where a drone technology could be used to transport travellers to traditionally unreachable locations where they get an immersive experience of unexplored exotic locations. For example, Metropolis ( https://metropolismag.com/viewpoints/flying-drone-hotel-other-visions-near-future-hotel-design/ ) talks about the future of hospitality industry, which envisions similar concept using self-sustaining hotels with the help of drone technology called ‘Driftscapes’. In such prospective context also, the flying hotels or ‘driftcrafts’ as they are called, can have radio nodes onboard providing coverage to users on the inside. Since driftcrafts move between the coverage area of terrestrial and non-terrestrial networks, the backhaul connectivity for the radio nodes onboard via both terrestrial and non-terrestrial access network will be crucial. 
[image: ]
Figure 5.x.1. Handover of UAVs (mounted with Relay node) between satellite and terrestrial network
Hence, in both the scenarios explained above, mobility of UAV nodes between non-terrestrial and terrestrial access for backhaul connectivity will be beneficial. Non-terrestrial coverage could be provided by either the Low Earth Orbit (LEO) or Geostationary Earth Orbit (GEO) satellites.
A UAV or a group of UAVs can provide access network services while moving, similar to a vehicle mounted relay. Such UAVs are mounted with Relay nodes/IAB nodes [Reference: TS 38.300] and they provide network coverage while on the move. However, as a UAV (mounted with a relay node) moves, the backhaul connectivity through terrestrial network may not be guaranteed everywhere, and the UAV (relay node) may alternately connect to a donor [Reference: TS 38.300] node mounted on a satellite or a terrestrial base station for backhaul link. Hence, in this scenario, there is a requirement for handover of the UAV (relay node) from satellite donor node to a terrestrial donor node and vice versa.
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]5.x.2	Pre-conditions
· UAVs mounted with Relay nodes should have the capacity to connect to 5GC through either satellite or terrestrial access network
· UAVs mounted with Relay nodes provide radio access coverage while it moves
· Both satellite and terrestrial access networks have Donor nodes deployed
· The 5GC supports mobility between satellite and terrestrial access networks
· The UAVs should be authorized and controlled by the 5G system and Uncrewed Aerial System (UAS) Service Supplier [Reference: TS 23.256].
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]5.x.3	Service Flows
Disaster scenario:
UAVs equipped with relay nodes, which are capable of connecting to both terrestrial and non-terrestrial network, are providing access to a disaster struck area. Since the terrestrial network is disrupted, UAVs are providing connectivity to the relief personnel on ground and are served by the Donor nodes mounted on satellite (for backhaul link). The relief personnel working on the ground do not have satellite UEs capable of connecting to the satellite network directly, so they are dependent on the UAVs nodes or terrestrial network for connectivity. As the relief operations moves to another nearby location, UAVs move along continuing to provide connectivity. Based on the location of the operations, UAVs continue to move around the area providing connectivity. 
As the relief operations move away from the epicentre and closer to the edge, UAVs providing radio access also move detecting a terrestrial Donor node nearby. Due to certain blockage in the signal, the relief personnel may not be able to connect to the nearby ground base station. Since UAVs are hovering slightly above, they detect better signal strength from the nearby terrestrial Donor node. UAVs may continue the backhaul connectivity through satellite or it can request handover of the backhaul link to the terrestrial node. Since both terrestrial and satellite links are possible, the UAVs can be served using any of the backhaul links.
Flying hotels scenario:
In the driftscapes/flying hotels scenario, the driftcrafts carry customers to the unexplored location like a remote valley/ tropical island. Once they are there, the driftcrafts are stationed there for couple of days for the visitors to explore the landscape. These driftcrafts based on drone technology are mounted with relay nodes, which provide access to the users inside. 
Initially, for a short distance while travelling from human habitat, the driftcrafts (relay nodes onboard) get backhaul connectivity through terrestrial access network. As the driftcrafts move away and into the remote parts, they will be out of the coverage area of terrestrial network. Then, the relay nodes detect better signal strength through Donor node mounted on the satellite access network. The relay node initiates connection with the satellite donor node and the backhaul link is  handed over from terrestrial to satellite access network. Since both the backhaul links are possible the driftcraft and its connected users are served well using either satellite or terrestrial access network.
[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]5.x.4	Post-conditions
The intended connectivity and service continuity is provided, since the 5GS supports mobility between satellite and terrestrial access network.
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]5.x.5	Existing features partly or fully covering the use case functionality
This use case may leverage and expand current service requirements, such as those linked to
· The 5G system shall support connectivity using satellite access. [Reference: TS 22.261]
· The 5G system shall support UAS connectivity and its associated procedures related to proper functioning of UAS such as Commands and Control (C2) connectivity, tracking etc. [Reference: TS 23.256]
· The 5G system shall support radio access node onboard a UAV to provide connectivity to UEs. [Reference: TS 22.125] 
5.x.6	Potential New Requirements needed to support the use case
[PR 5.X.6-001] The 5G system shall be able to support mobility of UAVs (mounted with relay node) between satellite and terrestrial access networks. 
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