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1. Introduction
This paper summarizes the result of email discussion [99bis#30][LTE/UAV] to capture potential solutions for DL and UL Interference detection into the TR 36.777.
The following section includes the agreed Text Proposal to TR 36.7777.
2. Agreed Text Proposal
6
Identified problem 

Editor’s note:
Potential issues to cater for aerial vehicles using the existing LTE network are captured in this section.

6.1 General observations on UL/DL interference problem involving aerial UEs
The following are general observations on UL/DL interference problem in scenarios involving aerial UEs:
1. In the DL, the percentage of aerial UEs experiencing cell-edge like radio conditions (i.e. poor DL SINR) is much higher as compared to terrestrial UEs.  This is because aerial UEs, due to their high line-of-sight propagation probability, receive DL interference from a larger number of cells than a typical terrestrial UE does. In the DL, there is higher probability that number of neighbouring cells causing high level of DL interference at the aerial UEs is higher than in the case of terrestrial UEs.  
Editor’s note: Based on RAN1 agreement on RSRP statistics, the following sentence may be added: “For example, RSRP statistics presented in Section [x.x] show that up to [y] cells causing high level of DL interference can be observed by an aerial UE at heights of [zm] or above.”
2. If the eNB antennas are down tilted, an aerial UE whose height is above eNB antenna boresight is likely to be served by side lobes of the antennas. Due to the presence of possible nulls in the sidelobes, an aerial UE may possibly see a stronger signal from a faraway eNB than the one that is geographically closest. Hence, an aerial UE may be served by a faraway base station instead of the closest one. DL pathloss and UL pathloss for an aerial UE may differ in some scenarios where reciprocity does not hold e.g. due to different side lobe orientations in UL and DL, or different channel characteristics in an FDD deployment.
3. Measurement report as defined in the existing LTE specification may not contain measurement results (e.g., RSRP) for all cells significantly interfered by aerial UEs due to limit on the number of reported cells. When the measurement results are ranked at the aerial UE by RSRP without considering eNB transmission power, the aerial UE may report the results corresponding the cells with the highest RSRP. 
4. The RSRP and RSSI characteristics of aerial UEs in the air are different from those associated with terrestrial UEs.
6.2 Downlink interference on Aerial UEs 

Based on results from 7 sources presented in Table C-2 of Annex C.2, it is observed that for aerial UEs uniformly distributed between 1.5 m and 300 m AGL in UMa-AV, the five percentile downlink geometry experienced by the aerial UEs is statistically worse than the five percentile downlink geometry experienced by the terrestrial UEs.  Since the aerial UEs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UEs, the aerial UEs will receive interference from more cells in the downlink than a typical terrestrial UE could.  Hence, the degraded five percentile downlink geometry experienced by the aerial UEs with respect to terrestrial UEs is due to aerial UEs receiving downlink inter-cell interference from multiple cells. 
7
Potential enhancements for supporting aerial vehicles

Editor’s note: This section will capture potential enhancements, including: enhancement of current LTE mobility, enhancements of measurements report mechanism and enhancements of identifying air-borne UE causing interference. 
7.1
Potential enhancements for interference detection

In this section, potential solutions for interference detection are presented. These solutions allow for detection of potentially air-borne UEs causing excessive interference, including UEs non-certified for aerial usage and UEs not implementing Rel-15 UAV functions. 
7.1.1 UE-based solutions

DL interference detection can be performed based on measurements reported by the UE, including the following measurements: RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI.
UL interference detection can be performed based on measurements at the eNB or estimated based on measurements reported by the UE. RSRP, CSI-RSRP, RSRQ, power headroom, maximum output power and used PRBs may be used as the metrics for UL interference estimation in certain scenarios.
Existing measurement reporting mechanism can be enhanced to better enable interference detection, e.g., by defining new events, enhancing triggering condition and including further measurement results in the report.

Other UE based information, e.g., mobility history report, speed estimation, timing advance adjustment values and location information can be used by the network to assist interference detection.
7.1.2 Network-based solutions
Detection or identification of an aerial UE causing interference in UL may be performed by exchanging information between eNBs. Example of information exchanged between eNBs that can be used for interference detection are as follows:
· uplink scheduling information or uplink reference signal (e.g., SRS) configuration of aerial UE may be exchanged.

· target neighbour DL transmission power exchanged with serving eNB and the serving eNB can use the difference between the aerial UE’s transmission power and the UL pathloss between the aerial UE and the specific neighbor eNB.
· eNBs may exchange any quantities reported by the UE, like RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI.

7.X
Potential enhancements for aerial UE Identification
Editor’s note: This chapter is to capture potential solutions for identifying aerial UE in airborne condition and for identification of certification/license of aerial UE.
7.X.1
Airborne UE Identification

In this section, potential solutions to identify airborne UE (i.e., UE which is in a condition of flying) are presented.

7.X.1.1
UE-based solutions

The UE can indicate that it is airborne:

· explicitly, e.g., by using an in-flight mode indication, altitude information or location information, or

· implicitly by utilizing enhanced measurement reporting mechanism, e.g., introduction of new events as described in section 7.1.1.  

7.X.1.2
Network-based solutions

Network may be able to detect an air-borne UE based on mobility history report/pattern. A flying UE may have different handover characteristics, e.g., less frequent handover, handover target is faraway cell, etc.
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