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Introduction
In RAN2#98 meeting, potential enhancements for UAV interference problem have been discussed, and for uplink and downlink interference detection the following agreements have been made:
	· Agreements:
1	Study if RSRP measurement report can be used for detecting both UL interference from air-borne UE and the DL interference air-borne UE might incur. Other solutions are not excluded.


In this contribution, we propose some other solutions for uplink and downlink interference detection, e.g. eNB based detection and pathloss based detection. 
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0. Uplink interference detection
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. In last meeting, RAN1 has discussed if a specific uplink reference signal should be used. However, 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： 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.
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 [1], the pathloss (PL) models in the Urban scenario can be listed as follows:

Notes: more detailed pathloss model can be found in [1]. 
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.
In TDD, the range of UL operating bands and DL operating bands which is defined in [2] 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 [2] 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 neighbor cells can be evaluated based on the pathloss of neighbor cells.
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: RAN2 to study and down select the approaches: UE-specific signalling based approach or Pathloss evaluation based detection approach.

0.1   Downlink interference detection
UE can detect downlink reference signals from serving cell and neighbor cells, and RSRP and RSRQ can be reported to eNB. RSRQ is reference signal received quality considering both RSRP and RSSI over the same bandwidth, it is a SINR type of measurement, and the combination of RSRP and RSRQ can indicate the downlink interference status. For example, if RSRP of serving cell is quite high but the RSRQ is very low, eNB can determine that the downlink interference is strong. With the measurement report including RSRP of neighbor cells, eNB can figure out which neighbor cell produce strong interference exactly. But if both RSRP and RSRQ are low, it cannot be determined the downlink interference is strong.
For Drones flying at a relatively high altitude the transmission channel is Line of Sight, so only the distance between eNB and UE affect the received power and almost no signal blockage or shadowing exists. In that case the RSRP of serving cell derived by drone UE is obviously better than that of ground UE, so when the calculated RSRQ is very low UE can make sure that it suffers from strong downlink interference, and eNB can get the information after measurement report has been received. Based on our former paper [1] the simulation results below show a similar relation of RSRP and RSRQ as we analysed for drones, in which coupling loss is basically the same as RSRP and geometry is basically the same as RSRQ. The simulation parameters are listed in Annex.
[image: ]     
Fig.1 Coupling Loss                                                 [image: ]
Fig.2 Downlink Geometry
Proposal 2: Reuse the current downlink measurement mechanism for downlink interference detection.  
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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.
Proposal 1: RAN2 can study and down select the approaches: UE-specific signalling based approach or Pathloss evaluation based detection approach.
Proposal 2: Reuse current downlink measurement mechanism and consider optimization of measurement report in case of a large number of strong neighbour cells. 
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Annex 
0. Annex A
Some simulation parameters are listed in Table 2, as the other simulation parameters of UMa AV scenario follow the RAN1’s agreements.
Table 2 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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