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Introduction
In RAN#75 meeting, a new study item “Study on Enhanced Support for Aerial Vehicles” was approved [1].  The following were identified as part of the study item objectives:
	….
· 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]
…



In this contribution, we discuss the issue and requirement of interference detection and mitigation for drones based on LTE interference mechanisms. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Interference detection
0. Downlink interference detection
As in last RAN1#88bis meeting some agreements of simulation parameters have been made, we perform a preliminary simulation to demonstrate the downlink interference for drones. The UMa scenario is chosen for simulation, and the BS antenna configuration is 2Tx/2Rx. The heights of drones are 0m, 30m, 100m and 150m respectively. As shown in Fig.1 the a drone’s coupling loss is lower than terrestrial UE, but as a drone’s height increases the coupling loss becomes worse when a drone is flying above eNB(the height is 25m). And from Fig.2 it shows that downlink geometry of a drone is obviously worse than terrestrial UE, and the higher a drone is flying the worse geometry is. So it can demonstrate that downlink interference becomes quite strong as a drone is flying above eNB. Some simulation parameters are listed in Table 1, as the other simulation parameters of UMa AV scenario follow the RAN1’s agreements [2][3].
Table 1 Simulation Parameters
	Parameters
	UMa  AV

	Cell layout
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);

	BS antenna height 
	25m

	BS antenna configuration
	2Tx/2Rx cross polarized;
4Tx/4Rx cross polarized;
8Tx/8Rx cross polarized(only horizontal beamforming)
8Tx/8Rx cross polarized(horizontal and vertical beamforming)

	BS antenna Down tilt
	12 degree 

	Height  (aerial)
	Uniformly distributed between 1.5 m and 150m;

	Channel estimation
	Ideal channel estimation
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Fig.1 Coupling Loss                                       Fig.2 Downlink Geometry
In Current specification UE can detect downlink reference signals from serving cell and neighbor cells, and eNB can send a measurement configuration including measurement object and report configurations. Different measurement events are designed to provide a simplified measurement result. For example if the signal quality of neighbour cell is better than an absolute threshold, a measurement report is triggered by event A4, then the information on signal quality of serving cell and neighbor cells will be sent to eNB. 
For Drones flying at a relatively high altitude they will “see” more eNBs than that on the ground, and at the same time they can receive more downlink reference signals from more eNBs which means more downlink interference. If the threshold of event A4 is the same as that of ground UE, a large number of neighbour cells will be included in measurement report. So it is necessary to consider optimization of measurement report to reduce frequent reporing. So we have the following observation and corresponding proposal:
Observation 1: drone UE meeds report measurement results frequently due to increased number of neighbour cells.
Proposal 1: consider optimization of measurement report in case of increased number of strong neighbour cells. 
Uplink interference detection
In LTE system it is usual to handle intra-frequency interference. For downlink transmission UEs suffer from interference of neighbour cells, and for uplink transmission the signals from UEs in serving cells and UEs in neighbour cells arrive at eNB simultaneously which leads to uplink interference. It will become even worse for UE at the cell edge. In that case the received signal power from target UE and neighbour UEs may be about the same in eNB side. In LTE several interference cancellation methods have been used. However, how to perform uplink interference detection is not clear from the standpoint of specification, it mainly depends on eNB implementation, except some X2 signalling for UL ICIC. If drones as a specific UE type are supported by LTE system, it is necessary to control its interference due to its large sight. In last meeting, RAN1 has discussed if a specific uplink reference signal should be used. However, from RAN2 perspective, if neighbour eNBs can get idea of scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a given drone UE in its serving eNB, it is feasible of neighbour eNBs to detect uplink signals from drones, as long as the receiving timing of the neighbour eNB can synchronizes with the receiving timing of the serving eNB.
Proposal 2：it is proposed the neighbour eNBs to detect uplink signals from drones, via scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a given drone UE from its serving eNB. 
Interference Mitigation
0. Downlink Interference Mitigation
ICIC (Inter-cell Interference Coordination) is introduced for LTE in R8 to decrease interference between neighbour macro base stations. This is realized by lowering the power of a part of the subcarriers of a given cell in the frequency domain which then can only be used close to the base station. These subcarriers used in other neighbour cells can avoid be suffered from interfere with the same subcarriers from the given cell. ICIC can be classified in several ways. Depending on the period of resource scheduling, ICIC can be static or semi-static. Semi-static soft frequency reuse can maximize spectrum efficiency in a less complex system. As shown in Fig.3, different subcarriers are allocated to the edge of neighbor cells, and the subcarriers are reused in the cell centre. The power is controlled to prevent cell edges and neighbor cells from being affected.


Fig. 3 soft frequency reuse for ICIC
When heterogeneous network (HetNet) is introduced to LTE, where macro cells are deployed with pico cells inside their coverage area and a macro cell has much higher Tx power than a small cell, the small cell's control channel is inevitably interfered with by the macro cell's, making ICIC applied to the data channel ineffective. Hence, enhanced ICIC (eICIC) is introduced to avoid the victim cell be suffered from the high inference from the aggressive cell by allocating  the Almost Blank Subframes (ABSs) in the time domain in the aggressive cell as shown in Fig.4. When several small cells are used in the coverage area of a single macro cell overall system capacity is increased as each small cell can use the ABS subframes without interference from the other small cells.


Fig.4 Almost Blank Subframe for eICIC
For drone UEs they can fly at a relatively high altitude than normal UEs, so the difference for interference mitigation may be more neighbour cells that should involve during this process. After measurement report is received by eNB, the eNB will know which neighbour cells produce high interference, and then interference mitigation mechanism similar to ICIC/eICIC can be considered.
As ICIC and eICIC are only for UEs in cell edge and usually operate in static mode or semi-static mode, they may not apply well for drone UEs. Drone UEs flying at a high altitude can suffer neighbour interference even in centre of the cell. And the number of drone UEs may change rapidly but the ABS method cannot adapt accordingly in time to reduce resource waste. So a more flexible method should be considered. 
Proposal 3: flexible interference mitigation mechanism can be considered for drone UEs.
Uplink Interference Mitigation
When neighbor eNBs can be aware of the uplink resource allocation information of drone UEs, firstly they can detect which drones cause the uplink interference. Then the similar solution with regard to downlink interference mitigation can be considered, i.e. if interference cancellation is effective enough neighbor eNB can cancel this interference, but if it is not feasible neighbor eNBs have to leave the corresponding resource unused.
Proposal 4: the method of interference avoidance and interference cancellation can still be used for uplink interference mitigation with the provision of uplink resource allocation information of drones.
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By analysing the interference detection and mitigation for drones we have the following observations:
Observation 1: drone UE need report measurement results frequently due to increased number of neighbour cells.
And it is proposed:
Proposal 1: consider optimization of measurement report in case of increased number of strong neighbour cells.
Proposal 2：it is proposed the neighbour eNBs to detect uplink signals from drones, via scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a given drone UE from its serving eNB. 
Proposal 3: flexible interference mitigation mechanism can be considered for drone UEs.
Proposal 4: the method of interference avoidance and interference cancellation can still be used for uplink interference mitigation with the provision of uplink resource allocation information of drones.
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Annex
Table 2 Evaluation assumptions for aerials study
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m);
FFS: if 37 micro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);
FFS: if 37 macro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m);
FFS: if 37 macro sites, 3 sectors per site are needed

	BS antenna height 
	10m
	25m
	35m

	Carrier frequency
	2GHz
	2 GHz
	700 MHz; optionally 800 MHz

	Total BS Tx power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	BS antenna configuration
	2Tx/2Rx cross polarized;
Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx; 
other antenna configurations are not precluded
	2Tx/2Rx cross polarized;
Optionally 8Tx/8Rx cross polarized;
Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx;
other antenna configurations are not precluded
	2Tx/2Rx cross polarized;
other antenna configurations are not precluded

	BS antenna pattern
	FFS
	FFS
	FFS

	BS antenna element pattern
	For FD-MIMO, according to TR38.901 
	For FD-MIMO, according to TR38.901 
	For FD-MIMO, according to TR38.901 

	BS antenna element gain + connector loss
	8dBi
	8dBi
	8dBi

	UT location
 
	Outdoor terrestrial/indoor terrestrial/aerial
	Outdoor terrestrial and indoor terrestrial (same as UMi/UMa in TR38.901), and aerial UTs
	Outdoor terrestrial and indoor terrestrial (same as RMa in TR38.901), and aerial UTs

	
	LOS/NLOS (terrestrial)
	LOS and NLOS

	
	LOS/NLOS (aerial)
	FFS
	FFS
	FFS

	
	Height  (terrestrial)
	For non FD-MIMO: FFS;
For FD-MIMO: Same as UMi in TR 38.901
	For non FD-MIMO: FFS;
For FD-MIMO: Same as UMa in TR38.901
	Same as RMa in TR38.901

	
	Height  (aerial)
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m



1. Note 1: The above scenarios are for evaluation purposes.
1. Note 2: The base station height will be revisited in case of evaluations on positioning enhancements.

	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Indoor terrestrial UT ratio defined as 

	80%
	80%
	50%

	Outdoor terrestrial UT ratio defined as 

	20%
	20%
	50%

	Aerial UT ratio defined as 

	FFS
	FFS
	FFS

	Number of indoor terrestrial UTs + outdoor terrestrial UTs + aerial UTs
	[15] per sector
	[15] per sector
	[15] per sector

	Traffic model
	FFS
	FFS
	FFS

	UT mobility (horizontal plane only)
	FFS
	FFS
	FFS

	Min. BS – Terrestrial UT distance (2D)
	10m
	35m
	35m

	Min. BS – Aerial UT distance
	FFS
	FFS
	FFS

	UT distribution (horizontal) – for outdoor terrestrial/indoor terrestrial/aerial
	Uniform
	Uniform
	Uniform

	Channel models for terrestrial UT
	According to TR 38.901 or TR 36.873
	According to TR 38.901
	According to TR 38.901

	Channel models for aerial UT
	FFS
	FFS
	FFS

	Terrestrial UT Tx Power
	23dBm
	23dBm
	23dBm

	Aerial UT Tx Power
	23dBm
	23dBm
	23dBm

	Power control
	Baseline: open loop power control. FFS open loop power control parameters
	Baseline: open loop power control. FFS open loop power control parameters
	Baseline: open loop power control. FFS open loop power control parameters

	Tterrestrial or aerial UT antenna element pattern 
	Omnidirectional/isotropic
	Omnidirectional/isotropic
	Omnidirectional/isotropic

	Terrestrial or aerial UT antenna element gain
	0dBi
	0dBi
	0dBi

	Number of terrestrial or aerial UT antennas 
	TX: 1 or 2 cross polarized; RX: 2 cross polarized
other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized
other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized
other antenna configurations are not precluded

	BS receiver noise figure
	5dB
	5dB
	5dB

	Terrestrial/aerial UT receiver noise figure
	9dB
	9dB
	9dB

	Baseline receiver for terrestrial/aerial UT
	MMSE-IRC; non-ideal interference estimation

	Feedback assumption
	Non-ideal CSI feedback and non-ideal CSI-RS channel estimation

	Channel estimation
	Non-ideal. Optionally, ideal channel estimation for demodulation purpose
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