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Introduction
In RAN2#101 meeting, the following agreements had been made [1]:
Agreement:
	Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status). 


Based on this agreement UE can tell if it is above eNB. When it is under eNB, it seems like a normal UE, and when it is above eNB it is considered as an uplink interference source because many eNBs can receive its signal. In this contribution, we propose solutions for uplink interference detection, i.e. eNB based detection and pathloss based detection, and reuse the current downlink measurement mechanism for downlink interference detection. 
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0. Uplink interference detection based on the network coordination
UE-specific signalling based detection approach
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. From RAN2 perspective, if neighbour eNBs can get uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE in its serving eNB, it is feasible for 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.
Observation 1：it can achieve a higher accuracy that the neighbour eNBs detect uplink signals from drones, via uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE from its serving eNB than just based on DL RSRP/RSRQ measurement.
Pathloss Evaluation based detection approach
In addition, UL interference detection solutions based on enhanced RSRP can also be considered. In LTE, RSRP measurement is utilized mainly to make ranking among different candidate cells in accordance with their downlink signal strength. However in the current network deployment, DL signals may be transmitted with different RS power levels, not constantly be transmitted with the maximum power value. Hence, only using RSRP cannot embody the interference level. For example, if DL signals are transmitted in low power levels, the low value of RSRP cannot mean that the interference is small.
Observation 2: the UL interference level of the neighbour cells cannot be evaluated only based on the RSRP.
At the same time, the relationship between pathloss and RSRP are specified as follows:
Pathloss=RS power-RSRP
Therefore, the pathloss is more proper to show the spread of distance and the environment between eNB and UE. As described in [2], the pathloss (PL) models in the Urban scenario can be listed as follows:

Notes: more detailed pathloss model can be found in [2]. 
It can be seen from the formula that the PL is related to height of UE, distance between eNB and UE and frequency bands. Since the height and distance remain the same during UL and DL transmission, the PL is only related to frequency bands.
[bookmark: _GoBack]In TDD, the range of UL operating bands and DL operating bands which is defined in [3] is same, therefore, the DL pathloss and UL pathloss are the same. Even in FDD, since the range of UL operating bands and DL operating bands which is defined in [3] is not so big, the difference between UL pathloss and DL pathloss is not so much, within the gap of 0.8db. In a way, we can use downlink pathloss to infer the uplink interference status, e.g. if the UL pathloss is very small, then the UL interference caused by the Drone is usually very strong. 
Hence, we can approach to evaluate the UL interference status based on pathloss. eNB obtains RS transmission power of its neighbor cells, and derive the pathloss of neighbor cells bases on the RSRP values reported from UE. After that, the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells. And then the eNB can make decision on whether to take the power control, e.g. send appropriate power control parameters to UE.  


Observation 3： the UL interference level of the neighbour cells can be calculated by an eNB based on the pathloss of neighbour cells based on RSRP reported by UE and the RS power of neighbour eNB.
Comparison
The aforementioned two methods are compared and corresponding Cons and Pros are listed in the following table.
Table 1 Comparison of UE-specific signalling based and Pathloss evaluation based detection approaches
	
	Actor
	Accuracy
	X2 overhead
	Air interface overhead

	UE-specific signalling based
	Neighbor eNB
	High, possibly neighbor eNB need to avoid uplink scheduling in the same resource  used by drone UE
	X2 signaling for exchanging uplink scheduling configuration;

	High, possibly neighbor eNB need to avoid uplink scheduling in the same resource  used by drone UE

	Pathloss evaluation based
	Serving eNB
	It depends on the difference between UL pathloss and DL pathloss
	Possible X2 signaling for exchanging RS transmission power information;

	It depends on the difference between UL pathloss and DL pathloss



Proposal 1: it is proposed to adopt the solution based on network coordination due to the higher accuracy.
Proposal 2: it is proposed to study which information will need to be coordinated in RAN2: scheduling information, UL SRS configurations, detected interference levels, path loss estimations and RS transmission power information.
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By analysing the interference detection for drones we have the following observations:
Observation 1： the neighbour eNBs can detect uplink signals from drones, via uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE from its serving eNB.
Observation 2： the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells.
Observation 3： the UL interference level of the neighbour cells can be calculated by an eNB based on the pathloss of neighbour cells based on RSRP reported by UE and the RS power of neighbour eNB.
And we propose:
Proposal 1: it is proposed to adopt the solution based on network coordination due to the higher accuracy.
Proposal 2: it is proposed to study which information will need to be coordinated in RAN2: scheduling information, UL SRS configurations, detected interference levels, path loss estimations and RS transmission power information.
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