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1	Introduction
The Study Item on Enhanced LTE Support for Aerial Vehicles contains the following objectives [1]:

	· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]



With regards to these objectives, during the RAN2#98 meeting it was agreed that RAN2 should “study how to identify air-borne UE causing interference”. Furthermore, in RAN2#99 meeting, following agreements were made:
Agreements:

1	The solution developed for interference detection within this SI should 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.
2	Capture in the TR that the developed solution should allow for:
	Identifying the potentially air-borne UE, which is a source of excessive interference
	Checking whether this UE is an air-borne UE
	Verify whether this UE is authorized to act as an air-borne UE

Furthermore, the e-mail discussion gathering the solutions for interference detection was undertaken after RAN2#99 meeting and its summary was provided in [2]. This resulted in another e-mail discussion resulting in a Text Proposal for TR 36.777.

In general, the solutions mentioned in the TP for both interference detection and UAV identification are divided into two groups, i.e. UE based and network based solutions. Although interference detection is not the only reason for which the network might want to identify flying UE (other reasons could be uncertified drone detection, possibility to adjust mobility parameters specifically for UAVs etc.), it would be beneficial if a common solution could address both these aspects. During the aforementioned e-mail discussion, some companies already pointed out that certain mechanisms can likely be used for both these purposes at the same time, but more discussion was required to identify such solutions. Natural candidates are the ones, which are based on UE measurement reporting as it was proven in numerous trials presented by the companies as well as during simulations run by RAN1 that RSRP/RSRQ/RSSI of serving and neighbouring cells measured by UAVs have different characteristics from those measured by terrestrial UEs. At the same time, it was observed that in many scenarios they can be used to determine potentially interfering UEs or UEs being subject to excessive interference. This contribution delves into that topic and proposes a mechanism allowing to detect interference and identify UE’s flying status at the same time. 
2	UAV interference detection
2.1	Method
Several studies have shown that Aerial Vehicles (AV) connected to cellular networks experience pathloss which is height dependent and presents losses close to those observed by regular pedestrian users at low heights, and moves to free space propagation as UAV heights increases [3]. This is also captured in the agreed assumptions for the channel model developed by RAN1 [4].

As agreed previously, there are three items the solution for interference detection in UAV scenarios should consist of, i.e.:
1. Identifying the potentially air-borne UE, which is a source of excessive interference
2. Checking whether this UE is an air-borne UE
3. Verify whether this UE is authorized to act as an air-borne UE

RAN’s role in item number 3 is rather limited to checking the authorization information, which should originate from Core Network. On the other hand, items 1 and 2 are in the scope of RAN functionality and could be performed in any order, depending on the particular scenario, need of an operator, network implementation etc.

Observation 1: The steps of detecting a flying UE and detecting interfering UAV UE can be applied by the network in an arbitrary order or as part of a combined algorithm.

Even though the order of actions could be up to the network implementation, we think that usually a network would firstly like to identify a UAV UE, which may be a source of interference and only then request it to provide, e.g. RSRP values of multiple neighbouring cells so that network can estimate the interference this particular UAV causes. Therefore, in the following description, we refer to “checking whether this UE is an air-borne UE” as step 1 and to “identifying the potentially air-borne UE, which is a source of excessive interference” as step 2.

For step 1 some solutions were introduced in [6], which are based on the data gathered during field trials, which is also captured in the TR 36.777 following the recent e-mail discussion. These are also summarized below for convenience. Step 2 needs to take into account the transmissions done from the UAV, as the amount of interference is very different for a UAV only sending a small message every 50 ms compared to a UAV live streaming 50 Mbps. Also, the transmission power matters, as indicated by the analysis performed by RAN1. 

Focusing on step 1 firstly, it was observed in [3] that the downlink interference increases when a UE moves up in height. At the same time, it is known that the RSSI for terrestrial users depends a lot on the location in the cell. We use these two properties and show in Figure 1 the RSSI vs the difference between the RSRP of the serving cell (RSRP SC) and the strongest neighbor cell (RSRP 1NB), referred to as ΔRSRP, for four different cases. The four cases represent two different rural measurement locations and two different LTE network operators. The term ΔRSRP is a representation of the location in the cell, i.e. how close to the cell center is the UE located. The black dots corresponding to 1.5 m are terrestrial UEs whereas the other heights are airborne UEs.

From the Figure, we can make the following observations:
· The RSSI is in general higher for airborne UEs compared to terrestrial UEs and the average RSSI increases with height.
· For terrestrial UEs there seems to be a linear relation between the difference between the RSRP of the serving cell and the strongest neighbor and the RSSI. The larger the difference, i.e. the closer to the cell center, the stronger the RSSI. 
· The points belonging to the terrestrial UEs are not overlapping much with the points belonging to airborne UEs. 
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Figure 1: RSSI vs ΔRSRP for different heights and different networks/locations

Based on these results we can make the assumption that the points belonging to airborne UEs can be separated from the points belonging to terrestrial UEs by a separation line:







Next, we determine the factors and . The factors for the 4 cases considered, when minimizing the number of wrong classifications (equal weight to either FA and FT decisions) can be seen in Table I ( is set to be equal to 1). 

TABLE I.  Optimal factors for the different cases.
	
	Case 1
	Case 2
	Case 3
	Case 4

	

	0.3
	0.4
	0.4
	0.8

	
 (dBm)
	-60
	-60
	-58
	-58



As can be seen the parameters are rather close for the different cases, but not completely identical. This means that for optimal performance the parameters need to be set differently for different areas/cells. The RSRP measurements are available at the eNB through the measurements by the UEs and the RSSI can be deducted from the reported RSRQ measurements.

Observation 2: Existing RSRP and RSSI/RSRQ measurements can be used to separate airborne UEs from terrestrial UEs by defining a separation line based on ΔRSRP and RSSI.

Even though existing measurements can be used and reported to the eNB, it would require frequent signaling of the RSRP and RSRQ values. Therefore, it is seen as beneficial to introduce a new measurement event in the UE which looks as follows:

1. if the UE is assumed terrestrial it shall send a report when:

RSRPs <  RSRP_first_neighbor - (RSSI/α) –/α - H1

where α and  are configurable parameters, which can be set during network planning or be adjusted through SON algorithms. They can be given to the UE through system broadcast or through dedicated signalling. RSRPs is RSRP measurement of the serving cell, RSRP_first_neighbor is the RSRP value of the strongest neighbour, and H1 is the hysteresis.
2. if the UE is assumed airborne it shall send a report when:

RSRPs >  RSRP_first_neighbor - (RSSI/α) –/α + H2
where H2 is the hysteresis in the other direction.

To improve accuracy, it can be defined that the above conditions need to be fulfilled in a certain period in order to get enough reliability for which Time to Trigger (TTT) timer can be used, similarly to mobility related events.
Proposal 1: Introduce new measurement events for UEs, as specified in section 2.1.
Being based on RSRP and RSSI measurements, such events have an advantage over e.g. explicit indication from the UE that it is in flying mode, because they combine information of the fact that the UE is flying with the information of UE being subject to interference from neighbours and be a potential interference to these neighbours. 
Please note that the proposed method can be applied to legacy UEs as well, based on, e.g. periodical measurements of RSRP and RSRQ and condition verification made on network side. Thus, it is also applicable for illegal drone detection while direct indication approach does not solve this problem
Observation 3: Proposed method based on new measurement events can be used for both UAV identification and interference detection at the same time.
Observation 4: The method based on RSRP and RSSI measurements can be applied to legacy UEs e.g. for illegal drone detection.
For step 2, in which we detect the subset of UEs from step 1 causing interference we can need to consider the following points:
1. UE transmission power
2. UE uplink throughput requirements or PRBs used
3. RSRP of the neighboring cells

The interference caused from a UAV to neighboring cells can be written as the product of the transmission power and the path loss and the receiving antenna gain. Assuming the receiving and transmitting antenna gains are similar, the RSRP measurement of a certain cell can be used to estimate the interference caused at the potentially interfered cell, whereas the transmission power is also known at the serving cell. Thus, the serving cell has all the information to calculate the IoT increase in the victim cells and can use this to find the subset of UEs causing excessive interference.
Observation 5: To find the subset of UEs causing high interference in the uplink from all the airborne UEs, the RSRP and the transmission power contain all the required information.
2.2	Requirements and Evaluation Metrics
As mentioned in [5], it is important for a solution for air-borne UE identification to work with the accuracy as close to 100% as possible. In other words, the goal of the classification algorithm is to label UEs as airborne class (AC) or terrestrial class (TC). For evaluating the performance of the classification algorithm, it is important to compare the outcome with the real status of the UE. 

Each AC labeling by the classification algorithm may either be a True Airborne (TA) or a False Airborne (FA). In the same manner, TC labeling can be True Terrestrial (TT) and False Terrestrial (FT). Table I presents the definition of TA, TT, FT, and FA based on the classification of a user compared with its real-world status. 
TABLE II.  classification Outputs
	Real-world User status
	Classification Label

	
	TC
	AC

	Terrestrial
	True Terrestrial (TT)
	False Airborne (FA)

	Aerial
	False Terrestrial (FT)
	True Airborne (TA)



As the goal is to classify as many UEs correctly we try to maximize the following 2 metrics:

1. The sensitivity, Sens, measures the number of airborne users correctly identified as such:
 

    

2. The specificity, Spec, measures the number of terrestrial users identified as such:


    

Ideally both metrics equal 100%.  It is worth mentioning that in cellular networks, the number of terrestrial users is expected to vastly outnumber the expected number of airborne devices. Because of this the specificity should be more important when developing the classification system, to avoid that the radio optimization for a few UAVs comes at a cost of misclassification of a high number of terrestrial users.

The classification system must also provide a quick classification process: the longer the delay to detect the UE status, the smaller are the benefits the network can exploit from the classification. 
Proposal 2: For evaluation of classification algorithm for aerial vehicles the metrics Sens and Spec, as specified in section 2.2 shall be used.
2.3	Evaluation
The above proposed method for step 1 was tested and the results are included in this section. This is done by using a subset of the available data as trainings set to determine the factors for the decision line and then test the outcome on a different subset of data. To run this test, the data of each of the four cases is split into two parts, where the data for each height is split equally, and half is used as trainings set and half is used to test the outcome. 
The outcome is measured by looking at the Sens and Spec metrics as defined earlier. Table III shows the outcome of the test, where the training data and the verification data is selected randomly from the data available per case. The amount of data in each case corresponds to about 13000 samples, corresponding to 25 minutes of measuring with a measurement reporting frequency of 9 Hz, so the training and verification data subset both corresponds to about 6500 samples. It can be seen that for the first 3 cases the results are very good, as both Sens and Spec are above 99%. The results are worse for case 4 for both Sens and Spec, but still the performance is good. It should be noted that the results can be improved by basing the decision on multiple samples, i.e. first make the decision when more than one sample point in one direction. 
TABLE III.  evaluation results showing the Sens and Spec metrics per case
	
	Case 1
	Case 2
	Case 3
	Case 4

	Sens
	0.9992
	0.9994
	0.9974
	0.9715

	Spec
	0.9997
	1
	1
	0.9668



3	Alternative mechanisms for UAV identification
One of the alternative one could envisage would be to use solely RSRP measurements of the serving and the number of neighbouring cells for differentiating between aerial and ground users. In figure 2, 3 and 4 below we show the CDF of the RSRP gap (i.e. the difference between RSRP level in serving cell and neighbouring cell) between respectively first, third and sixth neighbor for the data of case 3, i.e. the RSRP measurements made at different heights with a drone in a rural area at different heights. From the Figures it can be concluded that even though the average gap decreases with height, a single or a few samples of the height itself is not enough to determine the height or even whether a UE is in the air or not, as the values have a large overlap. It can also be seen that, especially on the ground, only in 70% of the cases there are at least 6 neighbors present, even though a scanner with high sensitivity was used.
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Figure 2 CDF of the RSRP gap between serving ell and first neighbor for case 3
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Figure 3 CDF of the RSRP gap between serving ell and third neighbor for case 3
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Figure 4 CDF of the RSRP gap between serving ell and sixth neighbor for case 3

Based on the presented results it can be seen that sole RSRP measurements cannot be reliably used for determining whether the UE is in the air or not.
Observation 6: RSRP measurements of serving and neighbouring cells alone are not enough to determine whether a UE is in the air or not.

4	Summary
This contribution analysed the issue of interference detection in the UAV scenarios. It is shown that using measurement reports from the UE it is possible to detect potentially interfering UE and identify whether this UE is a flying UE at the same time. This is possible thanks to the combination of RSRP and RRSI/RSRQ measurements. Based on the discussion and the presented results it is proposed to agree on the following observations and proposals:
Observation 1: The steps of detecting a flying UE and detecting interfering UAV UE can be applied by the network in an arbitrary order or as part of a combined algorithm.
Observation 2: Existing RSRP and RSSI/RSRQ measurements can be used to separate airborne UEs from terrestrial UEs by defining a separation line based on ΔRSRP and RSSI.
Proposal 1: Introduce new measurement events for UEs, as specified in section 2.1.
Observation 3: Proposed method based on new measurement events can be used for both UAV identification and interference detection at the same time.
Observation 4: The method based on RSRP and RSSI measurements can be applied to legacy UEs e.g. for illegal drone detection.
Observation 5: To find the subset of UEs causing high interference in the uplink from all the airborne UEs, the RSRP and the transmission power contain all the required information.
Proposal 2: For evaluation of classification algorithm for aerial vehicles the metrics Sens and Spec, as specified in section 2.2 shall be used.
Observation 6: RSRP measurements of serving and neighbouring cells alone are not enough to determine whether a UE is in the air or not.

Text Proposal capturing the proposed mechanism can be found in [7].
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