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1. [bookmark: _Ref18181]Introduction
In Release 15, unmanned aerial vehicle (UAV) operation in LTE system was studied. To optimize UAV use cases in LTE system, the interference from UAV to terrestrial UE was considered and multi-cell measurement report, as well as UL power control had been introduced. To authorize UAV usage in mobile network, subscription-based identification for UAV was also introduced. Furthermore, mobility aspect of UAV was addressed too e.g. support height-based measurement report and location report. Flight path information is also reported to network for potential special treatment for UAV mobility. Then target to NR system, similar optimization was also proposed by some companies [1][2] for Release 17 to achieve the similar targets. In this paper, we discussed other important UAV scenario e.g. UAV swarm, and discuss the motivation to optimize UAV swarm scenario in RAN network.
1. Discussion
UAV swarm addressed more and more attention in civilian areas in recent years. UAV swarm means multiple or dozens of UAVs flying in formation to complete a specific task, and can be used for logistics, agriculture, light show, etc. Big logistic companies have indicated their interest to use UAV for delivery services, for example, Amazon has studied and tested UAV logistics since 2013, and JD has established specific project to study UAV and robots for logistics, and their first UAV came into service in 2016. Compared with the single UAV, UAV swarm is more efficient for logistics, and can carry more number of packages in one time. Such use case is also studied by SA1 in [3], where mentioned that the delivery company can release a swarm of UAVs in rapid succession to deliver dozens of parcels in parallel, to solve the fundamental problem that single UAV lacks the route density necessary to compete with standard delivery trucks. And the study also reveals that UAV swarm can be supported in 3GPP system.
Observation 1: from SA1 study, UAV swarm use case can be supported in 3GPP system.
In SA1 requirement for UAV [4], UxNB was also supported. UxNB is a radio access node on-board UAV. It is a radio access node providing connectivity to UEs, which is carried in the air by an Unmanned Aerial Vehicle (UAV). It was required the 5G system shall be able to support UxNBs to provide enhanced and more flexible radio coverage and the 3GPP system shall be able to minimize interference e.g. caused by UxNBs changing their positions etc.
Observation 2: UxNB is supported by SA1 requirement for UAV
SA2 has done the study work to support UAS in 3GPP system within the SI Study on supporting Unmanned Aerial Systems Connectivity, Identification, and Tracking [5]. The study solved the UAV/UAV controller identification and authorization, tracking, UAV controller and UAV association, and user plane connectivity for UAVs. With such study, UAS can be supported in NR system. The corresponding architecture for UAS is as following
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Figure 1 Overview of UAV architecture in a 3GPP System [6]
Observation 3: SA2 has done the study work to support UAV in 3GPP systems
Proposal 1: SA2 UAS architecture can be the baseline architecture for further RAN optimization
During UAV study for LTE system, it was identified that UAV will cause severe interference to neighbor cells because of LOS path between UAV and neighbor eNBs. Multi-cell triggered measurement report, UL power control, height-based measurement report was introduced to ease the interference problem. On the other hand, to optimize UAV mobility, flight path information was reported to network. In 5G NR system, if we introduce UAV support, similar problems are also exist and above mechanisms can be fully reused.
Proposal 2: UAV problems studied in LTE system also exist for 5G NR system and introduced UAV schemes can be fully reused in NR system
Furthermore, if UAV swarm is considered in RAN network, the problem caused by UAV may be more severe. For example, during UAV swarm landing or taking off, multiple UAV UEs in UAV swarm maybe triggered by multi-cell based or height-based measurement report. A group of UAVs will communicate signaling with gNB almost at the same time, or the signaling density exchanged between gNB and UAV swarm during a short time period will be very large. The interference caused by UAV swarm will be even more severe. Similar problem happens during mobility, that flight path information maybe reported by multiple UAV UEs in the UAV swarm, which will cause more severe interference and more signaling overhead.
Observation 4: UAV swarm will cause more severe interference and signaling overhead compared with single UAV in RAN network
One may argue that UAV swarm problem can be eased by letting gNB to configure only single UAV to report measurement results. However, because of the variety UAV swarm formation, and potential relatively large distance between first and last UAV in UAV swarm, single UAV report may not accurately reflect the status of UAV swarm. Besides, it is hardly for gNB to select specific UAV in UAV swarm for measurement configuration, because gNB does not know the UAV swarm formation. Consider these aspects, it is hardly to solve the UAV swarm problems by gNB implementation, and further study is worthy to be conducted.
Observation 5: UAV swarm problem cannot be solved by gNB implementation
Proposal 3: UAV swarm optimization is worthy to be studied in RAN network.
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Figure 2 Possible scenarios for UAV swarm
From RAN point of view, UAV swarm may contain following scenarios
a) Swarm of UAV UEs with capability to connect to gNB
· A UAV swarm in which all UEs have the capability to communicate with the gNB. The swarm can be seen as a logic group of UEs by the network. UAVs can communicate with each other by using sidelink
b) Swarm managed by a UAV UE connected to gNB (e.g. as a master UE)
· A UAV swarm in which only one UAV UE (e.g. as a master UE) has the capability to communicate with the gNB. Other UAVs in the swarm cannot communicate with gNB, but can communicate with the master UE and with each other via non-3GPP protocol e.g. WiFi. The master UE in swarm can be seen as a CPE by the network
c) Swarm managed by a UAV served as an UxNB)
· A UAV swarm in which one UAV served as UxNB forwards data for other UAVs in the swarm. Such UAV UE can be static or moving together with UAV swarm members. UAV swarm members can communicate with UxNB by using Uu interface, and UAV swarm members can communicate with each other by using sidelink
Proposal 4: consider above UAV swarm scenarios in the study
1. Conclusion and proposals
In this contribution, we discussed the motivation to further study UAV swarm in RAN network, and have following observations and proposals
Observation 1: from SA1 study, UAV swarm use case can be supported in 3GPP system.
Observation 2: UxNB is supported by SA1 requirement for UAV
Observation 3: SA2 has done the study work to support UAV in 3GPP systems
Proposal 1: SA2 UAS architecture can be the baseline architecture for further RAN optimization
Proposal 2: UAV problems studied in LTE system also exist for 5G NR system and introduced UAV schemes can be fully reused in NR system
Observation 4: UAV swarm will cause more severe interference and signaling overhead compared with single UAV in RAN network
Observation 5: UAV swarm problem cannot be solved by gNB implementation
Proposal 3: UAV swarm optimization is worthy to be studied in RAN network.
Proposal 4: consider above UAV swarm scenarios in the study
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