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1 Introduction
The previous RAN2 meetings made the following agreements for air-borne UE identification and summarizes in the latest TR36.777:
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In the SI phase several companies have provided field trials results on mobility, RSRP/RSRQ and other measurements as listed in Annex H and Annex I of TR36.777, showing that the results of the air-borne UEs are generally different from these on the ground. This indicates a possible solution for the network to identify air-borne UEs by differentiation. Considering the varied environment and performance of the UE, reference models are needed for the air-borne and ground UEs, for which the MDT (Minimization of Drive Tests) function defined in TS37.320 can provide necessary results. In this contribution we propose a MDT-based air-borne UE identification solution and discuss on details.

2 Discussion
Due to the down-titled antenna deployment, side-lobe coverage and line-of-sight propagation, measurement results of an air-borne UE is likely to be different from these of a ground UE. For example, our recent Shanghai field result in Figure 1 shows that the average RSRQ at 100m attitude is general lower than that at ground level in a large area.
Several companies have provided field trials results as listed in Annex H and Annex I of TR36.777 indicating the differences in measurement between air-borne and ground UEs. Instead of enumerating one by one we give a summary of some observed or identified differences:
· 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.
· In the DL, there is higher probability that the number of neighbouring cells causing high level of DL interference at the aerial UEs is higher than in the case of terrestrial UEs. 

· 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.
· The RSRP and RSSI characteristics of aerial UEs in the air are different from those associated with terrestrial UEs.
· The aerial UEs would cause more interference to more cells in the uplink than a typical terrestrial UE could.
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Figure 1: CMCC UAV field test in Shanghai

Observation 1: It is possible for the network to identify air-borne UEs by differentiating them according to measurement results. Parameters including RSRP, RSRQ, RSSI, pathloss, interference incurred and occurred, location of serving cell and number of neighboring cells can be used.
Given the complex and fluctuating wireless environment (even worse for the air-borne UEs), it is impossible and unreasonable to set a unified threshold for each parameter. A reference model of measurement results for the air-borne UEs to guarantee accurate identification can be established, which should be location-specific and even altitude-specific and time-specific if possible.

Observation 2: A reference model of measurement results for the air-borne UEs should be established for identification.
The MDT allows collection of UE-specific measurements automatically instead of human driving. With MDT the operators can dynamically obtain the situation of wireless environment for better network optimization. It is defined in TS37.320 that in the MDT the UE shall report to the network with parameters including:
· Measurement results for the serving cell

· Measurement results for the neighbouring cells

· Available UE measurements performed in idle for intra-frequency/inter-frequency/inter-RAT
· Time stamp

· Location information (latitude and longitude, optional altitude, uncertainty and confidence)
Observation 3: The MDT mechanism provides most of the measurement results needed for a reference model. The mobility history report/pattern and the handover characteristics mentioned in 7.5.1.2 in TR36.777 can be obtained by MDT as well.
Therefore for air-borne UE identification, it is proposed:
Proposal 1: RAN2 is kindly asked to consider MDT-based air-borne UE identification as an option.
Proposal 2: RAN can configure the UEs to be identified and already-identified UEs for its air-borne status with MDT measurement.

Considering that the altitude is one of the most general differences for the air-borne and ground UEs, it is reasonable and necessary to configure the UE to be identified to mandatorily report its altitude.
Proposal 3: At least altitude is mandatory in the MDT measurement configuration for the UE to be identified for its air-borne status.
After collecting necessary MDT results of identified UEs, RAN will be able to establish a reference model of measurement results for the air-borne UEs, which is different from that for the ground UEs. The unidentified UEs afterwards can be identified by comparing its MDT results with the reference models.

Proposal 4: RAN compares the MDT results of the UE to be identified for its air-borne status with the established reference models of air-borne and ground UEs for identification.
For comparison with the reference model, different rules and algorithms can be used to further guarantee the accuracy. For example, thresholds of parameters can be used to evaluate the similarity to each model.
Proposal 5: Rules and algorithms for decision making of identification can be implementation-based as long as the accuracy can be guaranteed.
3 Conclusions
In this paper, a MDT-based air-borne UE identification solution is suggested and discussed. It is observed that:

Observation 1: It is possible for the network to identify air-borne UEs by differentiating them according to measurement results. Parameters including RSRP, RSRQ, RSSI, pathloss, interference incurred and occurred, location of serving cell and number of neighboring cells can be used.

Observation 2: A reference model of measurement results for the air-borne UEs should be established for identification.

Observation 3: The MDT mechanism provides most of the measurement results needed for a reference model. The mobility history report/pattern and the handover characteristics mentioned in 7.5.1.2 in TR36.777 can be obtained by MDT as well.
Therefore we would like to propose:

Proposal 1: RAN2 is kindly asked to consider MDT-based air-borne UE identification as an option.
Proposal 2: RAN can configure the UEs to be identified and already-identified UEs for its air-borne status with MDT measurement.

Proposal 3: At least altitude is mandatory in the MDT measurement configuration for the UE to be identified for its air-borne status.
Proposal 4: RAN compares the MDT results of the UE to be identified for its air-borne status with the established reference models of air-borne and ground UEs for identification.
Proposal 5: Rules and algorithms for decision making of identification can be implementation-based as long as the accuracy can be guaranteed.
7.5.1	Airborne UE Identification


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


7.5.1.1	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.


7.5.1.2	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, faraway handover target cell, etc.
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