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1. Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved in RAN#75 meeting [1] with the following objectives for potential enhancements related to RAN1.
· 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]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling 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 share our views regarding potential enhancements in interference detection for aerial vehicles.
2. Interference Issues for Aerial Vehicle
To illustrate the interference issues and to study the propagation characteristics of airborne UEs, a measurement campaign was conducted in a rural location at Northern Denmark. The surrounding area is relatively-flat, with terrain profile variation from 15 to 35 meters, with small hills up to 80 meters of altitude. The measurements were performed by a QualiPoc Android smart phones. The phones are set to measure the 800 MHz LTE live network of a Danish operator. The reports saved by the phone include LTE measurements, such as RSRP (Reference Signal Received Power), RSSI (Received Signal Strength Indicator), RSRQ (Reference Signal Received Quality) for the serving cell. Additionally, RSRP measurements from up to 8 neighbor cells can also be included in the reports, if the cell phone can perform a successful decoding of their reference signals.  
The airborne data was collected by attaching the measurement device underneath a commercial UAV. The UAV is flown in 4 different rectangular routes, each with the long edge ranging from 0.45 to 0.75 km. The four routes form a line of 3.5 km in length, and the distance between routes is around 300m. In order to sample the height dimension and analyze how it affects the results, the routes were repeated in four different heights: 10m, 25m, 50m and 100m, measured from ground level (1.5m) at the take-off point. The ground data was collected by performing a drive-test with the phone in the roads surrounding the areas of the selected routes.  
Figures 1 provides the CDF of the measured RSRP of the serving cell and the reported neighbor cells as well as the CDF of the measured RSSI. As shown in Figure 1-(a) and (b), the RSRP of the serving cell increases significantly (> 20 dB), but also the received level from the potential interferers increases, as the RSRP of the neighboring cells also rises a large amount. Overall this leads to an increase in the RSSI as shown in Figure 1-(c).
Observation 1: The RSRP and RSSI characteristics of aerial vehicles in the air are different from terrestrial vehicles.
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(a) RSRP of AV at height of 1.5m
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                                                                (b) RSRP of AV at height of 100m
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(c) RSSI of AV with different heights
Figure 1. Measurement results in rural scenario. 
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(a) Geometry
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(b) RSRP of cell-edge UEs
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(c) SINR with muted interference cells
Figure 2. Simulation results in UMa-AV. 
Figure 2 provides the simulation results in UMa-AV for downlink wideband SINR distribution, RSRP distribution of cell-edge UEs and SINR distribution with different number of muted interference cells. The simulation assumptions are provided in Annex. The definition of cell-edge territorial UEs and cell-edge AV could be found it in [7]. As shown in Figure 2, about 80% AVs are the cell-edge UEs due to serious inter-cell interference, and moreover at least 9 strongest interference cells are expected to be muted in order to keep the similar cell-edge AV percentage as cell-edge territorial UEs in UMa-AV.
Observation 2: 80% AVs are cell-edge UEs in UMa-AV with agreed baseline simulation assumptions due to very strong inter-cell interference.
Observation 3: At least 9 strongest interference cells are expected to be muted in order to keep same cell-edge AV percentage as cell-edge territorial UEs in UMa-AV.
3. Downlink Interference Detection
There are numerical methods below in LTE to detect interference in the downlink:
1. RSRP/CSI-RSRP Reporting
In the existing LTE network, one UE could report RSRPs of up to 8 neighbouring cells and/or CSI-RSRPs of up to 8 transmission points, where RSRP is measured based on CRS while CSI-RSRP is measured based on CSI-RS. The CRS configuration information is obtained by cell searching and the CSI-RS configuration information is configured by the network directly, where one UE can be configured with up to 96 CSI-RS configurations (i.e. up to 96 transmission points). So, the RSRP/CSI-RSRP information could be used to identify the strong interference cells/transmission-points directly for the support of inter-cell interference coordination. Since more interference cells are needed to be muted for inter-cell interference coordination to support downlink data transmission of AVs, the RSRP/CSI-RSRP reporting mechanism to support more RSRP/CSI-RSRP reporting is expected.  
2. RSRQ Reporting
Besides RSRP/CSI-RSRP information, the UAV also can report RSRQ information, which is derived by RSRP and RSSI. RSSI is the linear average of total received power observed by the UE including signal, interference and noise over whole configured measurement bandwidth and symbols [2] and so is a good representation of the downlink interference situation. Therefore, RSRQ information could be used to roughly identify if the UAV is cell-edge UE or not. If it is cell-edge UE, then the eNB could identify the interference cells/transmission points by collected RSRP/CSI-RSRP and derived RSSI information and request inter-cell interference coordination. 
3. RS-SINR Reporting
Another information, which could be jointly used for downlink interference detection, is reference signal-signal to noise and interference ratio (RS-SINR). RS-SINR is the linear average over the power contribution of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution over the resource elements carrying cell-specific reference signals with the same frequency bandwidth [2].
4. CSI Reporting
The UE also can report CSI information back to the network. The CSI information indicates the channel quality (i.e. signal to noise-plus-interference ratio) corresponding to a specific transmission hypothesis, and therefore can be used to identify the interference situation in the downlink and also be used to support UE scheduling as well as dynamic interference mitigation. 
Observation 4:  The downlink interference could be detected by RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI reporting from UE to eNB. 
Observation 5: By RSRP/CSI-RSRP/RSRQ from UE, the serving cell can deduct the RSSI, which is a good representation of the downlink interference situation.
Proposal 1: Enhance the existing RSRP/CSI-RSRP reporting mechanism to support RSRP/CSI-RSRP reporting with more cells.  
4. Uplink Interference Detection
For the detection of uplink interference from UAVs, there are numerical measurements can be used:
1. RSRP/CSI-RSRP
The downlink measurements of RSRP/CSI-RSRP, described in the previous section, can be used to deduct the path loss to the neighbouring cells, where the UAV may cause interference. The serving eNB has this knowledge.
2. Power headroom and Maximum output power
The power headroom information provides the differences between the UE configured maximum output power and the estimated power for uplink transmission. So the serving eNB could estimate the uplink transmission power of one UE based on its power headroom and maximum output power information.  
3. Used PRBs
Besides RSRP/CSI-RSRP/uplink transmission power, the information of PRBs used by the UAV is also very important to understand how much interference this UAV is causing, for example using the number of PRBs and uplink transmission power to calculate the power density per PRB. 
Based on these parameters above, the serving eNB can estimate the amount of power a UAV is causing in neighbouring cells on certain PRBs, and then uses UL High Interference Indication specified in TS 36.423 [4] to indicate which PRBs are used for UAV and likely will cause relatively high interference, or the UL Interference Overload Indicator also specified in TS 36.423 [4], to inform the neighbouring cells of high interference experienced on certain PRBs.
Observation 6:  For UL interference detection, RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by a UAV. 
5. Conclusions
In this contribution, we give our views on interference detection for this SI with the following observations.
Observation 1: The RSRP and RSSI characteristics of aerial vehicles in the air are different from terrestrial vehicles.
Observation 2: 80% AVs are cell-edge UEs in UMa-AV with agreed baseline simulation assumptions due to very strong inter-cell interference.
Observation 3: At least 9 strongest interference cells are expected to be muted in order to keep same cell-edge AV percentage as cell-edge territorial UEs in UMa-AV.
Observation 4:  The downlink interference could be detected by RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI reporting from UE to eNB. 
Observation 5: By RSRP/CSI-RSRP/RSRQ from UE, the serving cell can deduct the RSSI, which is a good representation of the downlink interference situation.
[bookmark: _GoBack]Proposal 1: Enhance the existing RSRP/CSI-RSRP reporting mechanism to support RSRP/CSI-RSRP reporting with more cells.
Observation 6:  For UL interference detection, RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by a UAV. 
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Annex: Simulation Assumptions
The simulation assumptions in this contribution are provided in Table 1.
Table 1 Simulation assumptions
	Parameter
	Value

	Scenario
	· UMa-AV

	Layout
	· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m, 30, 150 and 270 degrees)
· Geographical distance based wrapping

	Carrier frequency
	· 2 GHz

	System bandwidth
	· 10MHz

	BS antenna height
	· 25m

	Total BS Tx power
	· 46 dBm

	BS antenna configuration
	· 2Tx cross polarized 
· (M,N,P) = (8,1,2) according to [5]
· antenna element pattern according to [5]
· a vertical element spacing of 0.8λ
· vertical virtualization performed with down tilt angle ϑ=100 degree

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

	UT antenna element gain
	· 0dBi

	UT Tx Power
	· 23dBm

	UT receiver noise figure
	· 9dB

	UT location
	· Outdoor terrestrial and indoor terrestrial (same as UMa in [6]), and aerial UTs
· 
Height  (terrestrial): Same as UMa in [6]
· 
Height  (aerial): Uniformly distributed between 1.5m and 300m

	UT number
	· 8 indoor terrestrial UTs, 2 outdoor terrestrial UTs and 5 aerial UTs per sector

	UT mobility (horizontal plane only)
	· 30 km/h for outdoor terrestrial UEs (in-car)
· 3 km/h for indoor terrestrial UEs
· 160 km/h for aerial UEs

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

	Min. BS – Aerial UT distance (3D)
	· 10m

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

	Handover margin (for calibration)
	· 0dB
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