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Introduction
[bookmark: DocumentFor]In RAN#75, the SI on enhanced support for aerial vehicles has been approved with the following objectives [1]: 
· 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 neighbor 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 signaling 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 contribution, we will discuss the potential use cases for LTE-based aerial vehicles service, and corresponding requirements from the viewpoint of LTE eNB.
Discussion on potential use cases
The global drones market has increased dramatically in recent years as components have become smaller, lighter and cheaper. In current mode, drone is generally controlled via its remote controller through a direct communication link which is conducted based on WIFI. If the communication link is lost, the drone is programmed to fly autonomously in predefined routines, or return to its ground-control station until the communication link can be reconnected. In this case, operation range and safety cannot be well insured and result in severe restrictions on the drone applications.
With cellular connectivity, performance of drone related service will be significantly enhanced. For example, drones can be controlled reliably and transmit data to their ground-control stations in a real-time manner with seamless mobility support. And for those drones fly along their predefined routines, their real-time status and location can be tracked for safety purpose. Moreover, eNB could serve as a control center for potential drone swarm applications. 
According to market surveys, potential use cases of drones can be categorized into following major types:
1) Monitor
a) Oil/gas pipeline and offshore fields inspection
b) Road traffic monitoring, insurance claim validation
c) Environment related monitoring, including oil spill, wildlife conservation
d) Structure/bridge/roof inspection, real estate assessment
e) Commercial photography
f) Search and rescue
2) Transport
a) First aid delivery, organ transplant delivery
b) Cargo delivery
Based on preliminary analyses of the applications listed above, real-time data and control transmission are expected to be the most important use cases needed by air-borne UEs. 
· Real-time video/image transmission: In this case, the high data rate from air-borne UEs to eNB brings continuous UL wideband traffic load, which requires good coverage and interference mitigation (e.g., DL interference experienced by air-borne UEs from neighboring eNBs, UL interference experienced by air-borne UEs from neighboring cell air-borne UEs and UL interference experienced by terrestrial UEs from air-borne UEs) schemes to guarantee QoS. 
· Real-time control signal: In this case, the signaling with small package size will be transmitted from UE to aerial vehicle via the eNB, which requires low latency and reliable transmission in both UL/DL. 
Proposal 1:  Two use cases, which required high data rate for UL and low latency, respectively, should be prioritized in this SI.
Discussion on requirements
In order to support the aforementioned usage of the aerial vehicles based on LTE network, at least the following requirements should be satisfied:
· Coverage and interference mitigation:

In current commercial LTE network, the eNB antennas are designed and deployed targeting terrestrial coverage. The height of eNB antenna for system level simulation in legacy LTE network is given in Table 1 with the assumption that the altitude of UE is lower than BS.
[bookmark: _Ref477514133]Table 1 eNB antenna height for system level simulation
	Channel model
	Urban Micro cell
with high UE density
(3D-UMi)
	Urban Macro cell
with high UE density
(3D-UMa)

	eNB antenna height
	10m
	25m



However, the height of a drone UE may be distributed in a wide range from 1.5 meters to several hundred meters. The DL signal from the serving eNB to the drone UE experiences a longer propagation path (but usually in LoS or quasi-LoS condition) when the air-borne UE flies much higher than the eNB antenna. The coupling loss of DL signal for air-borne UEs is impacted by path loss, antenna side-lobe radiation pattern and noise figure. In [2], some preliminary results of DL coverage analysis have been presented. It is observed that DL SNR from the serving eNB is acceptable for an air-borne UE with height up to 200m with LoS condition. However, DL interference from neighboring cells is non-negligible for an air-borne UE higher than eNBs. In [2], the distribution of the DL SINR on different heights is also evaluated, and it is shown that SIR of the UEs beyond 100m altitude is lower than 0 dB for UMa and -5 dB for UMi. This implies that the coverage area of a typical LTE eNB in the air is much larger than its coverage area on the ground. In other words, the eNB site density in current LTE networks targeting terrestrial coverage is too high for air-borne UEs. Furthermore, the sector topology/tilt angle/radiation pattern that optimized for terrestrial coverage leads uncontrollable interference in the air. 
UL interference is another problem that air-borne UEs have to face. Dominating UL interference for a target air-borne UE is expected from other air-borne UEs in neighboring cells due to their LoS propagation to the serving eNB. If the density of air-borne UEs is too high, the UL SINR may be largely impacted by interference, especially for real-time data/control service. Similarly, the UL interference caused by air-borne UEs to terrestrial UEs is an important topic to be studied [1] if the time-frequency resource is shared by air-borne UEs and terrestrial UEs.
Proposal 2: The seamless coverage should be provided for the aerial vehicles with different altitude.
· Date rate for UL transmission
To support real-time image/video transmission from aerial vehicle to eNB, the strict requirement on data rate for UL should be supported. According to the typical resolution/encoder for video and image, the required bit rate is listed in Table 2.
Table 2 Typical video specification for real-time transmission
	Resolution
	4096x2160(25/24P),
3840x2160(30/25P),
1920x1080(60/50/48/30/25/24P)
1280x720(60/50/48/30/25/24P)

	Encoder
	MPEG4/AVC/H.264

	Max-Bitrate
	60Mbps@4096x2160(25/24P),
60Mbps@3840x2160(30/25P),
45Mbps@1920x1080(60/50/48/30/25/24P)
15Mbps@1280x720(60/50/48/30/25/24P)

	Video format
	MP4/MOV



For 20MHz bandwidth, theoretical peak UL data rate of the current FDD LTE system is about 75Mbps with SISO assumption. However, practical UL data rate is generally lower than the peak value due to various imperfect conditions, especially for the long term wideband data transmission. Intuitively, multiple antennas should be deployed on air-borne UEs to facilitate the usage of MIMO. Meanwhile, further enhancements should also be considered since the LoS propagation limits the achievable channel rank between eNB and an air-borne UE. 
Proposal 3: The high data rate for UL, e.g., up to 60 Mbps, should be supported for the use case in which the real-time video/image is transmitted with long duration.
· Latency
Current drones use direct data link to transmit real-time image/video to its ground-control station. The minimum latency is about 50ms. For current LTE system, the CP/UP latency is smaller than 100ms/50ms, respectively. Though current LTE/drone latency requirements are comparable, the practical latency performance with real-time image/video transmission should be evaluated further.
Proposal 4: The low latency, e.g., less than 50ms, should be supported for the use case in which the real-time control signal are densely transmitted.
Conclusion
In this contribution, the general views on the potential use case and requirements are elaborated with the following proposals:
Proposal 1:  Two use cases, which required high data rate for UL and low latency, respectively, should be prioritized in this SI.
Proposal 2: The seamless coverage should be provided for the aerial vehicles with different altitude.
Proposal 3: The high data rate for UL, e.g., up to 60 Mbps, should be supported for the use case in which the real-time video/image is transmitted with long duration.
Proposal 4: The low latency, e.g., less than 50ms, should be supported for the use case in which the real-time control signal are densely transmitted.
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