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Abstract: This contribution proposes a use case for UAV carrying Radio Access Network

Discussion & Proposal
In this contribution, we provide aspects to consider when UAV carrying Radio Access Network is deployed.
It is proposed to agree on the text proposal below.


<<<<<<<<<<<<<<< Text Proposal >>>>>>>>>>>>>>>>>>>>>>

x.y	Radio Access through UAV
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]x.y.1	Description
Currently available UAVs have limited flying time, typically in the range from 10 minutes to 1 hours. Due to complex relationship among weight, battery power, payload, aerodynamics, controllability, regulations and so on, the flying time cannot be increased arbitrary or endlessly.
When a UAV is functioning as a flying radio access network, the weight of UAV will increase due to the payload of radio access network equipment. This, in turn, will further reduce actual achievable flight time of the UAV.
The effectiveness of a UAV as a mobile radio access network platform will further be impacted by deployment scenarios. For example, a flying radio access network is typically required for the area where ground-based radio access network equipment cannot be installed. So, the UAV has to fly some distance from the base camp to the remote area, and the UAV has to fly back to base camp before it runs out of power. This is shown in the following figure.


Figure x.y.1-1: Time analysis of UAV operation
The sum of time for each operation in the figure should be smaller than the maximum flying time of a UAV. Then, the actual time that the flying radio access network can operate will be smaller than that. 
Thus, to provide communication service through UAV, several UAVs are needed. I.e, before the battery of the deployed hovering radio access network is exhausted, the UAV should be replaced by other UAVs.  
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]x.y.2	Pre-conditions
The hovering RAN is implemented as UAV carrying radio access network equipment. It is dispatched to area where there is no communication infrastructure. Due to technical limitation, the maximum flying time of the hovering RAN is 1 hours. When it is not used, the hovering RAN is kept and charged at the central base. 

[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]x.y.3	Service Flows
Emergency rescue operation starts in the wood, where no wire line communication equipment is installed. To assist communications among the rescuers, it is decided to dispatch hovering RAN to the area. It takes 15 minutes for the hovering RAN to fly from the central base to the rescue area. Following is time line of the events.
-	12:00 AM: UAV1 is equipped with Hovering RAN. UAV1 takes off from the central base and heads toward the rescue area.
-	12:15 AM: UAV1 arrives at the rescue area. Hovering RAN mounted on the UAV1 starts operation. Because backhaul is available at the location of the UAV1, the UEs served by the hovering RAN can be connected to a remote operation control server. To save power, the hovering RAN adjusts its coverage, based on the users that it needs to serve. Because backhaul connectivity is provided over wireless medium, the efficient use of this backhaul for the delivery of signaling and user data is necessary. This is especially true because the power capacity on the UAVs are limited. As power consumption for equipment increases, the flying time will be shorter.
-	12:25 AM: UAV2 is also equipped with Hovering RAN. UAV2 takes off from the central base and heads toward the rescue area.
-	12:40 AM: UAV2 arrives at the rescue area. Hovering RAN mounted on the UAV2 starts operation. While the Hovering RAN on UAV2 is being set up, the impact to the UEs served by Hovering RAN on the UAV1 should be minimized. For example, due to proximity of the UAV1 and UAV2, interference between the hovering RANs should be minimized. Also, while the controlling of UEs are transferred from Hovering RAN on the UAV1 to UAV2, the information exchange among the Hovering RANs should be quick and minimized. Handover procedure should not cause unnecessary delay, data forwarding, signaling. After context transfer is finished, hovering RAN of UAV2 starts to serve UEs served by Hovering RAN of UAV1.
-	12:41 AM: UAV1 leaves the rescue area.
-	12:50 AM: UAV3 takes off from the central base, to replace the role of UAV2.  
-	12:56 AM: UAV1 arrives at the central base and start charging.
 


Figure x.y.3-1: Change of UAVs


[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]x.y.4	Post-conditions
UEs within the rescue area are provided with connectivity service while the rescue operation on the ground is ongoing.

[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]x.y.5	Potential Impacts or Interactions with Existing Services/Features
Regarding adjustment of radio coverage, TS 25.463 specifies Remote Electrical Tilting (RET) antennas Application Part (RETAP) signaling. This specification is for UTRAN, and is not optimal for radio access network on UAV.

y.x.6	Potential new requirements
The 3GPP system shall support deployment of the radio access network on a UAV.
The 3GPP system shall minimize power consumption of the radio access network on a UAV (e.g. optimized radio coverage, transmission power, etc).
The 3GPP system shall minimize signaling between the radio access network on a UAV and the core network and between the radio access network on a UAV and UEs. 
The 3GPP system shall support optimized delivery of user data among UEs, the radio access network on a UAV and the core network (e.g. compressing data, minimized data forwarding). 
The 3GPP system shall minimize signaling when radio access network on a UAV serving UEs is changed to other radio access network on other UAV.
The 3GPP system shall minimize interference among radio access networks on UAVs located in close proximity. 
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