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1 Introduction

In RAN1#91, for uplink interference mitigation schemes for aerials, it is agreed that:

· One uplink interference mitigation technique is FD-MIMO with active antennas placed in a 2D grid at BSs

· Network coordination schemes for uplink interference mitigation are further evaluated (i.e., throughput performance) in RAN1#91

· Power control-based mechanisms

· Aerial UE specific pathloss compensation factor: Configure aerial UE with a different open loop uplink power control pathloss compensation factor alpha. This scheme needs standard enhancement to specify UE specific pathloss compensation factor.

· Aerial UE specific P0: Configure aerial UE with a different open loop uplink power control P0 value.

· Closed loop power control: Target received powers for aerial UEs are adjusted taking into account both serving and neighbor cell measurement reports.

In this contribution, we study power control mechanisms to alleviate the uplink interference to terrestrial UEs resulting from aerial vehicles.
2 Challenges of the coexistence of aerial and terrestrial UEs
Field measurements were performed according to Table 1, and the results of the number of detected neighbor cells and the associating interference in an UMa scenario are shown in Figure 1 and Figure 2, respectively. In Figure 1, when the drone flies in the vertical direction from the ground to nearly 150m above the ground, the number of detected neighbor cells is varying every few meters and is generally increasing. In Figure 2, when the drone flies in the horizontal direction at several particular altitudes, the interference resulting from the neighbor cells is varying, and the higher altitude, the higher interference.
Since the traditional BS antennas are optimized for terrestrial UEs, the mainlobe of eNB antennas points to the ground, aerial vehicle may be served by sidelobes of eNB antennas. In practice, due to the surrounding environment of eNB, the antenna height and downtilt angular are various. When aerial vehicles fly at different positions in the sky, they could receive signals from multiple eNBs at different places, and the total number and strengths are varying. The eNB whose signal is received by an aerial vehicle could also receive the transmitting signal of aerial vehicle, and it is concluded that the potential interfering neighbor cells are changing quickly when aerial vehicles are transmitting uplink signal.
Table 1 Trial Setup

	Data
	Description

	Location
	An office area in the city of Shenzhen, China

	BS deployment
	ISD 400m,  less densely distributed

	Surrounding environments
	Low and less dense buildings 

	LTE bands
	TDD 2600 MHz

	Test types
	5m/s UAV mobility speed at 5m/s;

	Data collection
	On device logging


Observation 1: The potential interfering neighbor cells are changing quickly for aerial UEs. The total number and the received signal strengths are different when aerial vehicles fly at different positions.
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Figure 1 Number of detected neighbor cells at different altitude in a measured UMa case
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Figure 2 CDF of sum of neighbor cell RSRP in a measured UMa case
3 Power control-based mechanisms 
The uplink transmit power is determined by traditional power control for different uplink channels and uplink signals, summarized as follows:


[image: image3.wmf]{

}

0,

min,

TMAXFormatBW

PPPPLf

a

=+D+×+

 [dBm]  (1)

where,
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is actual transmit power, 
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is the configured maximum transmit power, 
[image: image6.wmf]0

P

 is the nominal value,
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is a coefficient  reflecting the impact of transmission format and allocated bandwidth, 
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is the pathloss for serving cell, 
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is a cell-specific scaling factor and 
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 is the accumulated TPC command.
3.1 Power control dependence on drone altitude
Different parameter settings of uplink power control, such as 
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,  can be configured for UEs at different altitudes.  The final choice can be determined and indicated by eNB, or UE can choose appropriate configuration 
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from the available choices indicated by eNB. In the former scheme, UE specific 
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 is needed, and eNB chooses appropriate configuration of 
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 according to the altitude of the UE. In the latter scheme, eNB broadcasts multiple sets of configurations for 
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, and UE chooses the appropriate configuration according to the altitude of the UE.
Whereas, since the legacy parameter configurations cannot adapt to variation of potential interfering neighbour cells when aerial vehicles fly to another position, the performance of uplink interference mitigation is limited.
Proposal 1: Different parameter settings of uplink power control can be configured for UEs at different altitudes.
3.2 Open loop power control
UE could determine the transmit power based on the RSRP/pathloss of serving cell and neighbour cells [2]. 

If the measured RSRP of the serving cell and the measured RSRP(s) of one or more neighboring cells are above a threshold, it is useful to limit the output power of drones by a new component 
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 added in the power-control equation (2), which takes into account the potential interference to neighboring cells. 
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is determined by the gap of pathloss or RSRP between the drone and serving cell and neighbor interfering cells, respectively, and can include an essentially static network controlled scaling factor to allow management of the interference. 
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can also be determined by the IoT of neighbor cells. 
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Compared to recalculating 
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and indicating the new 
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 to a drone by RRC, which usually takes much more time, it is better to introduce the adjusting parameter 
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in the power control equation so that power control responds quickly when the interference situation changes, but is still ultimately under network control. Since 
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is cell-specific, it is impossible to adjust legacy transmit power only for drones. Even if 
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can be UE-specific, it will be faced with the same challenges of recalculating
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Proposal 2: UE could determine transmit power with the consideration of potential interference to neighbor cells to adapt to the fast changing uplink interference channels.
3.3 Closed loop power control
In the previous section, the UE’s transmit power is controlled based on its neighbour cell measurements. Based on the measurements of UE and the notification of neighbour cells via X2, eNB could determine the parameter configuration of power control to change 
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via RRC, or to change
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via TPC. The information provided by neighbor cells can include IoT and traffic load. When a particular cell suffers severe interference, it can send the information of IoT and traffic load to neighbor cells, among which the aggressor cell may be able to alter its power control.
Proposal 3: eNB could determine transmit power based on UE measurements, and information provided by neighbor cells.
4 Conclusion
In this contribution, we discussed the issues in LTE power control for drones, relating to the much wider area over which a drone UE can cause and change interference. To handle this, an enhancement to LTE power control is proposed which takes account of the different interference caused by drones. We make the following observation and proposal:
Observation 1: The potential interfering neighbor cells are changing quickly for aerial UEs. The total number and the received signal strengths are different when aerial vehicles fly at different positions.

Proposal 1: Different parameter settings of uplink power control can be configured for UEs at different altitudes.
Proposal 2: UE could determine transmit power with the consideration of potential interference to neighbor cells to adapt to the fast changing uplink interference channels.

Proposal 3: eNB could determine transmit power based on UE measurements, and information provided by neighbor cells.
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