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---------- Use Case template ----------
x.1
Use case on Dual Steering through Satellite access and UAV
x.1.1
Description

Satellite access network is one of the potential technologies that can provide ubiquitous network services to users in poor terrestrial coverage areas. However, satellite coverage may be sparse to users located in interior parts of archaeological or mining sites/in villages covered by dense forests/in a valley/next to a hill or a large building. Thus, dual steering involving satellite access along with Uncrewed Aerial Vehicles (UAVs) [Reference: TS 23.256] (mounted with gNodeB/relay node) would be feasible to provide better connectivity to these underserved areas. 

UAVs can either be mounted with gNodeBs or Integrated Access and Backhaul (IAB)-node connecting to IAB-donor [Reference: TS 38.300] station. For UAVs equipped with IAB-nodes [Reference: TS 38.300], multi-hop backhauling [Reference: TS 38.300] can also be used to extend connectivity to the IAB-donor. UAVs can be connected to the 5G Core (5GC) network through wireless terrestrial backhaul or via satellite connectivity. Consequently, a user may be concurrently linked and served by:
· A Non-Geostationary Earth Orbiting (NGEO) [Reference: TR 38.821] based 5G satellite access network and UAV mounted with gNodeB/ IAB-node.

· A Geostationary Earth Orbiting (GEO) [Reference: TR 38.821] based 5G satellite access network and UAV mounted with gNodeB/IAB-node.

Satellite access points may implement either a transparent or a regenerative payload [Reference: TR 38.821]. A user is connected to the 5GC by satellite access and UAV provided by the same operator simultaneously. Following cases can be considered for the operation of UAV:

· gNodeB functionality is available on board the UAV as shown in Figure 1.

· UAV can also act as a IAB-node and is further connected with the 5GC as illustrated in Figure 2.
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Figure 1. Dual steering involving satellite access and a UAV (with gNodeB on board) 
* Satellite Access Point could either be equipped with transparent or regenerative payload 
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Figure 2. Dual steering involving satellite access and UAV (with IAB-node on board) 
* Satellite Access Point could either be equipped with transparent or regenerative payload 
x.1.2
Pre-conditions

· There is satellite connectivity in the area but due to non-line of sight conditions, the connection may not available to a subset of  users located in the above mentioned scenarios.

· UAVs should be equipped with gNodeB functionality or IAB-node functionality.
· There is coverage overlap between both the satellite access network and UAV (mounted with gNodeB/relay node).

· UAVs functioning as gNodeB or IAB-node should be able to connect to 5GC through satellite or terrestrial backhaul connectivity.

· The 5GC supports  dual steering functionality through UAVs and satellite access. 

· The UAVs should be authorized and controlled by the 5G system and Uncrewed Aerial System (UAS) Service Supplier [Reference: TS 23.256].

x.1.3
Service Flows

Alice is presently located around an archaeological site. Initially, she gets dual access, i.e. from 5G satellite access network and through UAV (mounted with gNodeB or IAB node), while 5GC is splitting traffic between the two access links. Depending on the targeted Quality of Service (QoS), user plane traffic can be smartly steered, split and switched between these two access links in both uplink and downlink directions. The QoS attributes considered for splitting are throughput, error rate, latency and jitter. Traffic steering and splitting may also depend on radio link characteristics along with the user’s velocity. For example, traffic with low latency requirements should be split, steered towards the access link with lowest latency characteristics. 

After a while, Alice goes inside the site and starts a video call with her colleagues to get them familiar with the conditions of the site. She may lose connectivity in between with the satellite network for a little while she is inside the site, then all the traffic is handled through the UAV. When she goes outside, satellite based connectivity is restored, 5GC continues to split traffic between the two access links. Hence, if congestion on one of the available access links increases or in the scenario of a temporary link failure, then user plane traffic is switched to the other active access link. Once both of the links are active, then depending on the QoS requirements, user plane traffic is again split and steered between the two access links.

x.1.4
Post-conditions

The intended connectivity is provided without any kind of interruption because of autonomous traffic path steering, switching and splitting provided using both the access links. 

x.1.5
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

· Access Traffic Steering, Switching, Splitting (ATSSS) feature as mentioned in the clause 5.3.2 of TS 23.501 supports similar functionalities as listed in this use case, but dual access connectivity is limited to one 3GPP access and one non-3GPP access.

· 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 connectivity using satellite access. [Reference: TS 22.261]

· The 5G system shall support service continuity between two access (satellite and UAV)  networks.  [Reference: TS 23.501]

x.1.6
Potential New Requirements needed to support the use case
[PR X.6-001] The 5G system must support simultaneous data transmission for the same data session across satellite access and UAV (mounted with gNodeB or IAB node) and also distribute user plane traffic between these two access networks optimally while considering connectivity conditions on both access networks (e.g. mobility, radio characteristics, and congestion).

[PR X.6-002] The 5G system shall be able to collect data usage information for the purposes of charging when steering through both Satellite and UAV.

[PR X.6-003] The 5G system shall be able to support  gNodeB or IAB-node functionality on UAV.

[PR X.6-004] The 5G system shall be able to minimize the interference amongst several UAVs of UAS when they are in close proximity to each other.
