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1 Introduction

In the RAN #75 plenary meeting, a new SID on enhanced support for aerial vehicles was approved [1]. Aerial vehicles connecting with cellular networks are very beneficial for expanding applications and enabling new business opportunities for LTE operators.
However, aerial vehicles such as drones, may confront different challenges than a terrestrial UE when connecting with cellular networks. Radio propagation characteristics and interference scenarios of aerial UEs are different from that experienced by terrestrial UEs. Moreover, the access and connection of drones to cellular networks need to consider interference avoidance and efficient resource utilization.

In this contribution, potential enhancements for drones are identified, and preliminary proposals are provided.
2 Radio propagation characteristics
In general, a drone may take off from the ground and gradually increase its altitude. As shown in the Figure 1 below, when a drone is flying at low altitude, relative to the BS antenna height, it behaves like a normal terrestrial UE. In this case, if the drone has the capability and authorization to connect to the cellular network, the drone can establish a communication connection with the eNB via normal cell search and random access procedure.
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Figure 1: Radio condition of one drone communicating with eNB
When the drone flies at high altitude, the drone will be in sight of multiple cells with line-of-sight (LOS) propagation conditions. Thus, the UL signal from the drone becomes visible to the UL reception of multiple cells, and interference to the UL transmission of terrestrial UEs and other aerial UEs may be increasing correspondingly. For the DL signal transmitted by a serving cell, the signals from multiple neighboring cells will significantly impact the DL reception of the drone. Thus, potential enhancements on interference management are needed.
3 Potential enhancements for drones
3.1 Power control

Power control is very beneficial to reduce interference. For uplink, it is expected the received signal energy is almost equivalent for different UEs in order to avoid near-far effects. For drones at high altitude, the fading factor is small compared to that of a terrestrial UE, and the path loss of a drone could be lower than terrestrial UE arising from LOS propagation (and no penetration loss). As a result, uplink power control is necessary for drones to avoid creating strong interference to terrestrial UEs.

Unlike terrestrial UE，due to the dominant Los propagation condition at high altitude, the UL power control would be more efficient if the UL interference to the neighboring cells is taken into account. For example, if the measured RSRP of serving cell and the measured RSRP(s) of one or more neighboring cells are above a threshold, limiting the maximum Tx power of drones. Moreover, the number of such neighboring cells can be configurable to flexibly adjust the maximum Tx power of drones. Further, the RSRP difference between serving cell and neighboring cell can be considered as the second condition for setting maximum Tx power of drones.
In addition, the parameters of the uplink power control for drones can be adjusted according to the estimated uplink interference to the neighbor cell. Thus, drone and terrestrial UE should be configured with different parameters of uplink power control. 
Proposal 1: Uplink power control can be considered to avoid creating strong interference to terrestrial UEs.
3.2 Interference coordination
In current LTE specification, ICIC related techniques (ICIC, eICIC and FeICIC) are standardized to facilitate interference coordination among inter-cells. For drones, the ICIC mechanism of RNTP, HII and OI can also be used to coordinate the DL/UL frequency resource of drone for different cells. The almost blank subframe (ABS) can be used to coordinate the time domain resource of drone for different cells. FeICIC can be further considered to mitigate the interference of CRS in the ABS subframe. Using ICIC related techniques, the interference of strong neighboring cells can be avoided. However, the efficiency of resource utilization of orthogonal resource multiplexing may not be very high for ICIC techniques. 
Observation 1: The resource utilization of static orthogonal resource multiplexing may not be very efficient.
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Figure 2 The performance of PDCCH BLER and SINR when a drone flies up to 200m and back to ground.
Apart from the interference for data channel, the inter-cell interference for control channel seems more severe since ICIC can hardly be used. Based on our field measurement results, as shown in the Figure 2 above, when a drone flies at 200m in an UMa scenario, PDCCH BLER is around 20% or even above 60%. The poor performance of PDCCH would seriously impact the system performance, such as UL&DL allocation, and thus, the interference mitigation for control channel needs to be considered.
Proposal 2: The performance for control channel needs to be improved.
3.3 Interference cancellation/mitigation
Advanced receiver can be used for drones to achieve interference cancellation or mitigation, as studied in MUST work item and NR flexible duplex [3]. The suitable receiver can be selected to consider the drone’s radio propagation characteristics. Information exchange (e.g., DMRS port/pattern/sequence) among neighboring cells may be needed to facilitate interference cancellation.

Proposal 3: Advanced receiver can be used for drones to achieve interference cancellation or mitigation.
3.4 Beam management
The communication between a drone and a cellular eNB has several characteristic; such as being sporadic, lower connection density, and short communication time. The service provided to drones should not have severe impacts on the performance (e.g., throughput) of terrestrial UEs. Massive MIMO can be applied at the serving cell to generate narrow beams to communicate with drones. To efficiently utilize resources, the beam toward drone should be steerable and should be activated based on traffic requirements of drone. 
Proposal 4: The beam toward drones should be steerable and should be activated based on traffic requirements of drone.
4 Conclusion
In this contribution, the radio propagation characteristics of drones are analyzed, and potential enhancements for drones are identified. The following observation and preliminary proposals are provided:

Observation 1: The resource utilization of static orthogonal resource multiplexing may not be very efficient.
Proposal 1: Uplink power control can be considered to avoid creating strong interference to terrestrial UEs.
Proposal 2: The performance for control channel needs to be improved.
Proposal 3: Advanced receiver can be used for drones to achieve interference cancellation or mitigation.
Proposal 4: The beam toward drones should be steerable and should be activated based on traffic requirements of drone.
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Appendix

The simulation assumptions are listed in Table 1, and the corresponding evaluation performance can be found in Figure 3-5.
Table 1 Simulation assumptions

	Parameter
	Value

	Scenario
	· UMi-AV, UMa-AV, RMa-AV

	Layout
	· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 200m, 500m, 1732m, respectively)

· Geographical distance based wrapping

	Carrier frequency
	· 2 GHz for UMi and UMa,  700MHz for RMa

	System bandwidth
	· 10MHz

	BS antenna configuration
	· 2Tx/2RX cross polarized 

· (M,N,P) = (8,1,2) according to [4]

· antenna element pattern according to [4]

· a vertical element spacing of 0.8λ
· vertical virtualization performed with down tilt angle ϑ degree

· For UMi, ϑ = 104, for UMa, ϑ = 100, for RMa ϑ = 96

	UT antenna configurations
	· 2Tx/2Rx cross polarized; Isotropic antenna gain pattern

	UT antenna element gain
	· 0dBi

	UT Tx Power
	· 23dBm

	UT receiver noise figure
	· 9dB

	UT location
	· Height 
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 (aerial): Uniformly distributed between 1.5m and 300m

	UT number
	· Case 1: 0% (corresponding to 
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· Case 5: 50% (corresponding to 
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	Handover margin (for calibration)
	· 0dB
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Figure 3 Geometry in UMi
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Figure 4  Geometry in UMa
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Figure 5  Geometry in RMa
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