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Introduction
The objective of the study in [1] is to investigate the ability for aerial vehicles to be served using LTE network deployments with base station antennas targeting terrestrial coverage, supporting Release 14 functionality. In [1], the following highlighted objectives were listed related to inference caused by aerial vehicles.

· Identify potential enhancements to LTE so that it is better suited to provide connectivity and positioning services to drones in the identified deployment scenarios. The study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells [RAN1, RAN2]

Background
As described in [1], an air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground. For an aerial vehicle well above the BS antenna height, the UL signal from the aerial vehicle becomes more measureable at multiple cells due to LOS conditions. The UL signal from an aerial vehicle increases interference at the neighbour cells, correspondingly degrading key performance metrics to the terrestrial UEs. 
Discussion 
Best serving cell
Most BS antennas are typically down tilted; the terrestrial UE is likely served by the main lobe of the BS antennas whereas the aerial vehicles are likely served by the side lobes of the BS antennas. In at least some scenarios, the serving cell for an aerial vehicle is likely not the closest cell as illustrated in [3]. Below is an approximated reproduction of that illustration. 
[image: ]
Figure 1: Disparity in determination of best server, nearest neighbour
The scenario above may be explained with the help of a numerical example as below. Table 1 details the RSRP measured by the UAV of serving cell and neighbours detected / configured. Cell Id 1 refers to the leftmost cell in Figure 1 and the strongest among the list of candidates for selection. The UAV hence may select Cell Id 1 as the serving cell based on cell selection criteria. In this example, we assume all cells transmit at the same power. The DL pathloss and the UL pathloss between a pair of (eNB, aerial UE) may be significantly different in at least some scenarios due to differently oriented side lobes of UL and DL antennas. In Table 1 below, DL PL (dB) is calculated as (TX PWR – RSRP) and UL PL (dB) is shown to be almost reciprocal in all cases except for Cell Id 3. The parameter  represents the difference in path loss between UL and DL due to different orientations of side lobes. This value may be expected to be of the order of a few dB’s. 
The problem arises due to the following: 
(1) Infrastructure nodes may use different antennas for DL and UL transmissions.
(2) Side lobes significantly impact path loss and may be oriented differently between DL and UL antennas
(3) A aerial UEs may temporarily force them into the null of a side lobe.
 
	
	Cell Id
	Tx PWR (dBm)
	DL PL (dB)
	RSRP (dBm)
	UL PL (dB)

	Equal TX PWR scenario
	1 (Serving)
	46
	127
	-81
	127 ± 

	
	2 (neighbour)
	46
	133
	-87
	133 ± 

	
	3 (neighbour)
	46
	140
	-94
	125

	
	4 (neighbour)
	46
	143
	-97
	143 ± 

	
	5 (neighbour)
	46
	149
	-103
	149 ± 


Table 1: RSRP of cells as measured by the UAV, Equal TX power
Observation 1: DL path loss and UL path loss for a UAV UE may differ significantly in some scenarios due to different side lobe orientations. 
Strongest neighbour
In at least some scenarios, the strongest measurable neighbour cell is farther than the closest neighbour cell.  Using the mobility framework and measurement reporting the network is capable of identifying the strongest DL neighbouring cell.  However, as a result of observation 1, lack of pathloss reciprocity, the received DL measurements will not allow the network to properly estimate the potential UL interference of the aerial device to its neighbouring cells.   
In the example highlighted in Table 1, Cell Id 2 is measured at -87 dBm after RSRP filtering at RRC and clearly the strongest neighbour from the UAV perspective. Though Cell Id 3 is measured at -94 dBm (weaker than Cell Id 2 indicating a larger pathloss), for reasons explained above, Cell Id 3 may be the closest and the most probable victim on UL. In this example, we assume all cells transmit at the same power. 
Unequal transmit powers from base stations
It is conceivable that base stations, at least based on geography (e.g., Urban, Rural, Semi-rural, …), market needs (e.g., stadium scenarios, …) and coverage / capacity requirements, are RF planned to transmit at differing transmit powers. Another scenario where this occurs is for hetnet deployments where both high power nodes and low power nodes operate on the same frequency. Though a UAV could measure RSRP of neighbouring cells regulated by its serving cell configurations, without knowing the exact transmit power of a given neighbouring base station, it is not possible to estimate the UL pathloss to its nearest neighbour either by the UAV or by the serving cell. 
	
	Cell Id
	Tx PWR (dBm)
	PL = (TX PWR-RSRP) (dB)
	RSRP (dBm)

	Unequal TX PWR scenario
	6 (neighbour)
	33 
	126
	-93

	
	7 (neighbour)
	41
	132
	-91

	
	8 (Serving)
	46
	130
	-84

	
	9 (neighbour)
	46
	150
	-104

	
	10 (neighbour)
	33
	143
	-110


Table 2: RSRP of cells as measured by the UAV, Unequal TX power
In the example in Table 2, Cell Id 7 is the strongest neighbour from a measurement view point though Cell Id 6 is the neighbour with lower pathloss. 
As part of the measured results the UE may report the measurements of its 8 strongest neighbors.  This implies, that in unequal tx power scenarios, if the UE detects 8 or more macro cells, it is possible that the measurements of some of the small cells are not reported even though they have a lower pathloss.  
Observation 2: Measurement reporting can fail to provide timely information for interference management under scenarios where eNB’s do not have the same transmit power due to possible higher number of detected cells and limitations in number of cells that can be reported.
Concise summary of issues
From the above, limitations to existing DL measurement reporting may in presence of aerial UEs: 
· Lack of UL-DL reciprocity in FDD systems may be amplified 
· At least in some situations, the aerial UE may not help determine the neighbour with lowest pathloss if many neighbours are seen. The problem is exaggerated if the cells use differing TX powers.
Potential solutions
There are several possible solutions for observations #1 and #2. 
1. Serving eNB could be made aware of associated transmit powers of its neighbours, which may be achieved via inter-eNB coordination.  

2. Serving eNB could request UAV to report the neighbour(s) with the lowest DL pathloss instead of highest RSRP. Though DL and UL may not be reciprocal, they may be sufficiently approximated to estimate UL interference. If the UAV is able to detect a neighbour, it may be able to estimate pathloss to each such neighbour. 
The neighbour to which pathloss is minimal is understood by the serving eNB as the highest probability victim and subsequently may place scheduling constraints / UL power cap for the UAV such that interference power at the neighbour is lower than an operator determined value. In this solution, it is assumed that either the serving cell signals to the aerial UE neighbour’s TX power or that the UAV is able to read EPRE value from a neighbour’s SIB#2. In this solution, the aerial UE sorts the measurements not based on RSRP but on pathloss. 
To estimate path loss the UE needs to be aware of the neighbors tx power, which can be signalled to the UE by the serving cell. 
3. To support UL-based interference estimation, eNBs may be configured using some scheme certain cell specific SRS configuration (e.g., SRS bandwidth, SRS subframe configuration, SRS power offset, …) of their neighbouring eNBs. 
A eNB may estimate incoming interference power and determine achievable UL SINR for its own users; for e.g., by muting certain UL SRS TTIs or some UL PRBs in some UL SRS TTIs when a corresponding SRS occasion of a neighbour coincides. An eNB may even decide to restrict some subset of SRS occasions and use them only for UAVs; this allows a neighbouring eNB to having to estimate incoming interference from UAVs only on those smaller subset of SRS occasions. SRS configuration of a UE can be provided by the serving eNB to neighboring eNBs. 
4. To accommodate an increased number of cells in a measurement report, it may be possible to consider increasing the current size limit of (8) PCIs to a larger count. 
A multitude of measurement reports increase signalling overhead and eats into the shared channel capacity. On the other hand, a multitude of cells forming one large measurement report may require a few UL grants (or several UL SPS occasions for example) to complete one reporting procedure. The eNB may determine the group of cells the UAV may need to be aware of and configure a positive bias / offset for measurement purposes to minimize signalling overhead. Alternatively, the eNB may determine the group of cells the UAV may certainly avoid and therefore configure a negative bias / offset.
Conclusion
[bookmark: _GoBack]It is proposed that RAN2 considers the issues and solutions identified in the above for further study.
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