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1. Introduction
At RAN#75 meeting, it’s agreed to start a SI on Enhanced Support for Aerial Vehicles [1]. In the chairman’s notes of RAN1#90, it’s agreed that interference is the key problem for aerial vehicles, however, the differences and priorities for DL and UL interference have not been analyzed. It is also agreed that the potential solutions including CoMP and ICIC can be considered for interference mitigation, however, the detail schemes of CoMP and ICIC mechanism for aerial vehicles have not been discussed.
In this contribution, we discuss the interference differences between DL and UL transmission, and analyze the interference mitigation mechanism for UL interference.

2. Interference Analysis for DL and UL
For DL, the propagation for aerial vehicle is LOS at high height, which leads to smaller pathloss than ground UEs. Therefore, the interference signal from neighbouring cells is strong for the aerial vehicles [2]. However, the DL interference observed by ground UE is similar to the existing network, which is not interfered by the aerial vehicles due to the spatial separation. So, the interference detection and interference mitigation at aerial vehicles and interference coordination between cells are key problems for DL transmission.

Observation 1: The DL signal from neighbouring cells leads to stronger interference on aerial vehicles than ground UEs. Therefore, the interference detection and interference mitigation at aerial vehicles and DL interference coordination between cells are key problems for DL transmission.
For UL, the signal from aerial vehicle is visible to multiple cells also due to the LOS propagation [2], which will cause strong interference to the UL signal of ground UEs at neighbouring cells. Therefore, the interference detection at BS, the power control at aerial vehicles, and the UL interference coordination between cells should be considered for UL transmission.
Observation 2: The UL signal from aerial vehicles causes strong interference to the UL signal of ground UEs at neighbouring cells. Therefore, the interference detection at BS, the power control at aerial vehicles, and the UL interference coordination between cells should be considered for UL transmission.
It can be found that the DL transmission leads to strong interference on aerial vehicles, however, the UL transmission leads to strong interference on ground UEs. From the operator’s view, the aerial vehicle communication based on LTE network should not substantially degrade the performance of ground UEs. Therefore, the interference on ground UEs and the potential solutions for UL interference mitigation should be considered with high priority.
Proposal 1: The interference on ground UEs and the potential solutions for UL interference mitigation should be considered with high priority.

3. Interference Mitigation Schemes
For aerial vehicles, the HII based ICIC mechanism can be used to coordinate the UL frequency resource between serving cell and neighbouring cells. The serving cell sends HII to neighbouring cells, and the neighbouring cells will not allocate these RBs to UEs to avoid the interference. 
There are two problems of HII based ICIC mechanism for aerial vehicle communications. Firstly, the signal from aerial vehicle is visible to multiple cells; secondly, the UL transmission of C&C signals as well as application data requires large transmission resource to ensure reliability and capacity.  If all the neighbouring cells are avoiding scheduling ground UEs on these resources indicated by HII, this will lead to substantial degradation of UL throughput of a large number of neighboring cells, especially when the corresponding cell is in high load. Therefore, the resource avoidance mechanism is not suitable for aerial vehicle.
Observation 3: The HII based ICIC mechanism, which needs resource avoidance, is not efficient for aerial vehicles.
A possible efficient mechanism may be that instead of avoiding scheduling on the indicated resource used by aerial vehicles, the neighbour cell performs interference cancellation if it determines to schedule its own UEs on the same (sub)set of resource.  In this mechanism, how the neighboring cell acquires interference channel information is the key issue. In the previous meetings, it has been discussed that SRS and other UL signals can be used for interference detection. For UL channel acquisition, SRS may be a good option. However, because an aerial vehicle may interfere a large number of cells, exchanging SRS information among eNBs could be either complicated or too much overhead. How to minimize the coordination overhead for indicating SRS configurations to the neighboring cell should be carefully studied.  
Proposal 2: Combination of HII indication and SRS-based interference detection should be studied to support efficient UL interference mitigation due to aerial vehicles, which allows a flexible resource avoidance and interference cancellation mechanism for UL interference reduction. 

Proposal 3: Because each aerial vehicle may interfere a large number of cells, exchanging SRS/HII information among eNBs may be complicated or cause large overhead on X2 interface. Solutions taking into account of minimizing the number of coordination cells and signalling overhead is needed, e.g., fixed SRS resources and/or other more efficient solutions. 
4. Conclusions
In this contribution, we have the following observations.
Observation 1: The DL signal from neighbouring cells leads to stronger interference on aerial vehicles than ground UEs. Therefore, the interference detection and interference mitigation at aerial vehicles and interference coordination between cells are key problem for DL transmission.
Observation 2: The UL signal from aerial vehicles causes strong interference to the UL of ground UEs at neighbouring cells. Therefore, the interference detection at BS, the power control at aerial vehicles, and the interference coordination between cells should be considered for UL transmission.

Proposal 1: The interference on ground UEs and the potential solutions for UL interference mitigation should be considered with high priority.

Observation 3: The HII based ICIC mechanism, which needs resource avoidance, is not suitable for aerial vehicles.

Proposal 2: Combination of HII indication and SRS-based interference detection should be studied to support efficient UL interference mitigation due to aerial vehicles, which allows a flexible resource avoidance and interference cancellation mechanism for UL interference reduction. 

Proposal 3: Because each aerial vehicle may interfere a large number of cells, exchanging SRS/HII information among eNBs may be complicated or cause large overhead on X2 interface. Solutions taking into account of minimizing the number of coordination cells and signalling overhead is needed, e.g., fixed SRS resources and/or other more efficient solutions. 
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