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Introduction
In the last RAN plenary [1], for communication of aerial vehicles, A new study item was approved. 
	The objectives of the study are as follows:

· Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:

· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 

· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]

· Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]

· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]

· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]


In this document, we discuss general perspective of aerial traffic relevant to current LTE network.
Discussion
Aerial vehicle is sort of unmanned aerial vehicle (UAV) such as drone. Aerial UEs can be applicable to the purpose of military, industry such as delivery service or personal hobby. Several current/future applications are showing below [2].

	· Accident and crime scene investigation

· Aerial photography

· Agriculture inspection

· Construction inspection

· Crowd control

· Drug and gas detection

· Entertainment and movies

· Fire spotting

· Intelligence gathering

· Mapping and surveying

· Network tower inspection
	· Newsgathering

· Payload delivery

· Pilot augmentation

· Pipeline/railroad inspection

· Power distribution tower inspection

· Search and rescue

· Security

· Small package delivery

· Traffic monitoring

· Wildlife and environment monitoring



Following the use cases, we may figure out two diving patterns for aerial vehicle which is driving autonomously i.e. self-diving or need to control information from user i.e. not self-driving. The flight type of self-driving means the aerial UE only get RRC Connection Establishment when just essential data information is needed between the UE and the network. For instance the aerial UE is able to connect to the LTE network when the UE have to update their diving status e.g. departs to/arrive at destination. Especially this type can be used to delivery (small) packages to customers. Otherwise the flight type of not self-driving means the aerial UE always get RRC Connection Establishment while driving from departure to arrival to get control information by user. Especially this type can be used to search and rescue people in the dangerous area. 

Observation 1: If aerial UEs fly based on user’s control, aerial UEs would be mostly in RRC_CONNECTED for a long duration.

Observation 2: If aerial UEs fly autonomously without user’s control, aerial UEs would be mostly in RRC_IDLE and enter RRC_CONNECTED for a short duration.
If the above observations are correct, we need to consider following things also. A driving of the aerial UE needs to receive user’s control for almost of the operation time. The aerial UEs should transmit driving status information and surrounding environment information in real-time so that aerial UEs may transmit text messages, images and videos to users in uplink. Thus, these all kind of driving information should be considered carefully and the types of traffic should be treated sensitive to latency and reliability. Especially for the one of aerial type, autonomous driving UEs, this driving information is expected to be transmitted frequently and irregularly when UEs are flying autonomously in contrast with not autonomous driving UEs. 

 In addition, this driving information should be included driving assistance information such as location reporting information because it seriously affects driving operation if user control information is missed due to rapid traffic deviation. If aerial UEs fly based on user’s control, the driving assistance information could be transmitted periodic and regularly. On the other hands, if aerial UEs fly autonomously without user’s control, the driving assistance information could be transmitted not periodic and irregularly.  Therefore, we need to consider these traffic characteristics for the aerial UEs and the detailed discussion on this assistance information is found in [6].

Observation 3: In downlink, aerial UEs may receive control information from users. Such control information generated by users is expected to be transmitted frequently and irregularly when UEs are flying autonomously. This type of traffic is sensitive to latency and reliability.

Observation 4: In uplink, aerial UEs may transmit assistance information to users. Such assistance information may be transmitted frequently when UEs are flying autonomously.

Observation 5: In uplink, aerial UEs may transmit text messages, images and videos to users.
Proposal 1: Study uplink/downlink scenarios for all type of aerial UE.
In addition to the driving type, we also need to consider current UAV develop progress.  Because there are so various aerial products which have various characteristics following the purpose, the current LTE network should checked specifically which types of the aerial UE are affordable or which functions are affordable. Among many things to consider, altitude, speed and flight time are the most significant points to the aerial UEs to be applicable to the LTE network.
[image: image1.jpg]UAV CLASSIFICATION TABLE

Class Category | Normal Normal | Normal | Primary Example
employment Operating | Mission | Supported | platiorm
: Altitude | Radius | Commander
CLASS 1| SMALL Tactical Unit Upto 5K ft | 50 km BN/Regt, BG | Luna,
(less  than (employs launch | AGL (LOS) Hermes 90
150kg) | >20 kg system)
MINI Tactical Sub-unit | Up to 3K ft | 25 km Coy/San Scan
(manual Launch) | AGL (LOS) Eagle,
2-20 kg Skylark,
Raven,
DH3,
Aladin,
Strix
MICRO Tactical PI, Sect, | Upto200 |5 km PI, Sect Black
Individual (single | ft AGL (LOS) Widow
<2kg operator)
CLASS I | TACTICAL | Tactical Formation | Up to 200km | Bde Comd | Sperwer,
(150 kg to 10,000 ft | (LOS) Iview 250,
600 kg) AGL Hermes
450,
Aerostar,
Ranger
CLASS 1il | Strike/ Strategic/National | Up to Unlimited | Theatre COM
(more than 65000 ft | (BLOS)
600kg) | Combat
HALE Strategic/National | Up to Unlimited | Theatre COM | Global
65000 ft | (BLOS) Hawk
MALE Operational/Theatre | Up to Unlimited | JTF COM Predator B,
45,000 ft | (BLOS) Predator A,
MSL Heron,
Heron TP,
Hermes

900





Table 1 NATO UAV classification

In Table 1, the information is showing about the current UAV classification. We can access detailed information in [3]. In the table 1, we can figure out that there is a serious problem what if the current LTE network would try to control all kinds of aerial UEs due to altitude. For the CLASS II or CLASS III, all types of UAV are able to operate over 10,000 feet high and up to maximum 65,000 feet (about 20 km) high. For the CLASS I except category MICRO, UAVs are able to operate over 1000 feet high and up to maximum 5,000 (about 1.5 km) feet high. These types definitely cannot operate with the maximum capability when they operate in the current LTE system. 
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Figure 1 Analysis of UAV flight time 

In Figure 1, this is showing about an analysis of the current UAV flight time. We can access detailed flight information in [4]. Following the figure, the current some UAVs can fly for maximum over 330 hours. In addition, some drones could be invented with over 1,000 flight time in the near future. Thus we need to consider the affordable flight time or a new traffic handling mechanism to support seamless mobility in the LTE network. 

 However the maximum aerial speed could be fully covered in the current LTE network system. The world’s fastest drone named ‘Teal drone’ can drive up to maximum over 70 miles per hour (about 112 km/h). We can get the detail information in [5]. Because the current LTE network system is already considering vehicles which are faster than the aerial capability, there would be not many technical problems about the aerial speed. 
Observation 6: Some types of aerial UEs will fly over 10,000 feet high and up to maximum 65,000 feet (about 20 km) high for a long time e.g. over 330 hours, so that the network could not provide LTE coverage to those types of aerial UEs.
Proposal 2: Study in-coverage scenarios only. Namely, in the study 3GPP should not consider out-of-coverage scenarios where aerial UEs may communicate via satellites.
Even though there are some problems to support aerial UEs in the LTE network, we can use many features which are using in the current LTE. Because LTE is well positioned to serve aerial vehicles and other many aerial features could be covered by the current specification e.g., speed state parameters. However the aerial vehicles are operating in the airspace not on the ground so that interference coordination is totally different with legacy UEs for instance. In addition, we may consider additional location parameters such as vertical speed based on the current speed information. Detailed discussion on this issue is found in [6]
Conclusion

In conclusion, we propose the followings: 
Observation 1: If aerial UEs fly based on user’s control, aerial UEs would be mostly in RRC_CONNECTED for a long duration.

Observation 2: If aerial UEs fly autonomously without user’s control, aerial UEs would be mostly in RRC_IDLE and enter RRC_CONNECTED for a short duration.
Observation 3: In downlink, aerial UEs may receive control information from users. Such control information generated by users is expected to be transmitted frequently and irregularly when UEs are flying autonomously. This type of traffic is sensitive to latency and reliability.

Observation 4: In uplink, aerial UEs may transmit assistance information to users. Such assistance information may be transmitted frequently when UEs are flying autonomously.

Observation 5: In uplink, aerial UEs may transmit text messages, images and videos to users.
Proposal 1: Study uplink/downlink scenarios for all type of aerial UE.
Observation 6: Some types of aerial UEs will fly over 10,000 feet high and up to maximum 65,000 feet (about 20 km) high for a long time e.g. over 330 hours, so that the network could not provide LTE coverage to those types of aerial UEs.
Proposal 2: Study in-coverage scenarios only. Namely, in the study 3GPP should not consider out-of-coverage scenarios where aerial UEs may communicate via satellites.
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