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1. Introduction

In [1], the agenda item 5.2.8.2 “Interference detection schemes for aerials” is continued in RAN1#90bis under the agenda item 6.2.7.4 of [2].
Within the document we discuss methods of identifying the presence of aerials which potentially introduce interference. Based on the discussion, we introduce some proposals.
2. Discussion 
2.1. Aerial Vehicle Interference Detection
The network shall be able to detect any aerial devices which potentially introduce excess interference, in order to protect the network’s performance. This would require eNBs to be able to efficiently detect if a UE is an aerial vehicle introducing interference and act accordingly. 

The eNB could use one or more methods for the aerial vehicle interference detection. Some proposals are described below:

1. Zenith angle of Departure (ZoA) estimation 

The eNB could estimate the ZoA and based on the outcome it can set a ZoA limit after which the UE device is considered an aerial. This can be dependent on the eNB antenna height, the local environment, the max/average building height, and other similar parameters. However, the ZoA criteria to refuse connection shall be standardized so that all eNBs follow the same criteria for rejecting aerial devices. 

2. Angle Spread (AS) estimation

Angle spread estimation is not an efficient standalone method for aerial vehicle detection because ground UEs can also experience low AS when e.g. in LOS. However, it can be an ideal complementary method to other aerial device detection methods because aerial devices have higher LOS probability which results to very narrow angle spreads. If other detection methods have indicated a UE is an aerial, AS estimation can act as a sanity check, e.g. if the estimated AS is low then the eNB can be sure the UE is an aerial. If the AS is high then the eNB can re-estimate the ZoA and AS before making a decision for connection refusal. The angle spread range in which a UE cannot be considered an aerial shall be standardized. 

3. 3D Positioning

While ZoA estimation shows the zenith direction of a device, 3D positioning can directly provide the position estimate of a device, including its z-axis coordinate. Based on this information, the eNB can add another criterion for deciding if a UE is an aerial or not. Observed Time Difference of Arrival (OTDOA) is a standardized two-dimensional method for estimating the position of a UE in the terrestrial x-y plane. However, this method is designed with the assumption that UEs are moving within the terrestrial plane. For aerials this assumption might not be acceptable.  Thus, for OTDOA to be used as a 3D positioning method there is a need for at least one additional cell timing measurement to solve for three coordinates (x, y, z). This is because ti,0= ti - t0 forms 3D surfaces instead of 2D hyperbolas. Thus, the eNB is required to handle this geometry problem in 3 dimensions. This is similar to the four sphere intersection positioning method that Global Positioning System (GPS) use. 

4. Velocity estimation

Velocity estimation can provide some additional information in order for an eNB to differentiate an aerial device from an outdoor stationary UE in elevated areas since aerials are expected to be moving in higher velocity than hand-held devices. Velocity estimation can be derived by time derivative of available parameters like AoA, ZoA (through AoZ/ZoA estimation), x, y, z (through positioning).  Doppler shift estimation could be another method (e.g. rotation of reference signals) for velocity estimation, etc. 

5. Path-loss estimation 

Path-loss estimation can provide some additional information in order for an eNB to differentiate an aerial device from an indoor UE which is located within a high building. Indoor UEs are expected to have a higher path-loss value due to penetration losses.  
6. Intra-frequency RSRP/RSRQ reporting
The eNB can additionally process the RSRP/RSRQ reports for the intra-frequency cells that a UE makes and decide if the reported values are too high for a ground UE. Then it can combine this information to other criteria to decide if a UE is actually an aerial device.

7. Full dimension MIMO measurements 

The network could exploit the 3D MIMO feature 3GPP has introduced and determine which elevation angle provides the best communication path with the UE and use this information for the decision to mark a UE as aerial or not. 

8. Communication of Aerial Vehicle indication over X2-interface

eNBs which have detected the presence of an aerial vehicle which has not indicated being an aerial vehicle shall be able to communicate this information over the X2-interface to neighbour cells. These cells might be potential serving cells of the aerial when a hand-over occurs. Thus, this information should be able to be shared between potential serving cells of the aerial so that necessary interference mitigation actions take place. 

9. Aerial vehicle explicit signalling
Another possibility for the network to detect aerials would be to use explicit signalling. Every AV should declare itself as being aerial. This can be done by:

· Introducing a new UE capability:

	isAerialVehicle

Indicates whether the UE is an aerial vehicle flying above the terrestrial environment.


· Extending an existing UE capability to indicate being an aerial vehicle. 

However, indicating being an aerial should not always be interpreted as causing or experiencing excess interference. The network can set and broadcast (e.g. in SIB) an altitude threshold above which a UE shall be considered an aerial. The altitude threshold can be dependent on the following criteria:

· eNB antenna height

· Network environment (macro-cell, micro-cell, etc.)

· Other environment properties (average building height, street width, etc.)

By knowing its altitude, when the UE exceeds this threshold, it can inform the eNB via signalling that it is now flying above that threshold. It can also inform about the opposite, i.e. when it no longer is flying above that threshold.   

Alternatively, two indications can be introduced. One which informs of its capability of flying above the terrestrial environment, and another which informs that the aerial is actually flying above the altitude threshold:
	isAerialVehicle

Indicates whether the UE is an aerial vehicle capable of flying above the terrestrial environment.

	aerialVehicleAboveAltitudeThreshold
Indicates whether the aerial vehicle is flying above the altitude threshold set by the network. This threshold indicates that excess interference might be caused and experienced by the UE.


Proposal 1: Introduce aerial vehicle explicit signalling to allow aerial vehicles to notify the network of their capability to fly above terrestrial environment. Additionally, aerials could notify when they move above a network-defined altitude threshold that would indicate that they potentially introduce excess interference. 
Proposal 2: Discuss a set of criteria and methods for the network to be able to identify aerial vehicles that have not, or have falsely, reported being an aerial. Specify criteria thresholds and allow cells to exchange information about detected aerials. 
3. Conclusion

During this document we presented the following proposals:
Proposal 1: Introduce aerial vehicle explicit signalling to allow aerial vehicles to notify the network of their capability to fly above terrestrial environment. Additionally, aerials could notify when they move above a network-defined altitude threshold that would indicate that they potentially introduce excess interference.
Proposal 2: Discuss a set of criteria and methods for the network to be able to identify aerial vehicles that have not, or have falsely, reported being an aerial. Specify criteria thresholds and allow cells to exchange information about detected aerials. 
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