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Introduction
Network verified UE location for the NTN Enhancements in Rel-18 NR is one of its main objectives:
	Objectives on measurement reports for the UAV in NR [1]:
· Specify the following enhancements on measurement reports [RAN2]:
•	UE-triggered measurement report based on configured height thresholds
•	Reporting of height, location and speed in measurement report
•	Flight path reporting
•	Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
· Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.



Subsequently, a new SID for UE location verification in captured in RP-221820, as follows:
	· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for NTN and for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing). 
· The SI is concluded in RAN#96, the TR 38.882 v1.0.0 is endorsed in RP-221875



Hence, in this contribution, we focus on the investigation of enhancements on measurement reports, where the normative work for UAV in LTE is regarded as baseline. 
Discussion
Critical Issues of network controlled UAV
· Downlink Interference
· The UAV received a large number of neighboring areas in the air, and the number of neighboring areas was more than a dozen, resulting in a downward average SINR of about 0db.
· Uplink Interference 
· The uplink of the UAV to the surrounding multiple base stations is the LOS path, and the uplink service of the UAV terminal will interfere with the uplink performance of the ground users in the neighboring neighboring areas. For traditional terrestrial UE power control, only the path loss and SINR of the local area are considered, and the interference to the neighboring area is not considered. 
· Fluctuated Antenna Gain and Frequently Deep Fading due to Side Lobes 
· The sidelobes give rise to the phenomenon of scattered cell associations particularly noticeable in the sky, as shown in the following figures (i.e., a map of the serving cell which is “seen” by drone UEs at four different altitudes of the simulated deployment, respectively in 1.5m, 50m, 100m and 300m). The UE cell association is based on strongest received signal power, i.e., each position is associated with the cell from which the strongest signal is received at that position. The cell association pattern in this particular scenario becomes fragmented especially at the height of 300m and above.
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Figure 1: Serving Cell distribution for drone UEs at four different altitudes in UMa[4]
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Figure 2: Vertical radiation pattern of eNB antenna  &     Antenna gain at 100m altitude 
Therefore, for terrestrial UEs, the strongest cell is in general from the closest eNB, even though the shape is not very smooth due to the shadow fading. However, for a drone UE, it is possible to be served by a sidelobe of some neighbour eNB far away from the drone UE instead of the main lobe of the closest eNB. The coverage of a given cell is fragmented into several small parts but not a continuous coverage. Especially, when the height of the drones reaches 300m, the shape of the serving cell is like the ripple spreading far away. Therefore, the situation of radio condition is possibly degraded, results in more handover number and more HOF rates, although the UE will almost always have a LOS connection to the base station due to lack of obstructions at flying altitude. 
Therefore, observations from field trials on RSRP/RSRQ and other measurements
· The radio environment including the RSRP, RSRQ and RSSI characteristics of aerial UE in the air are different from terrestrial UEs at ground level.
· RSRQ in general decreases for airborne UEs with increase in altitude compared to terrestrial UEs. 
· RSSI is in general higher for airborne UEs compared to terrestrial UEs and the average RSSI increase
However, in LTE, only flight reporting is approved under the agenda of “Mobility Enhancement”, no further enhancement had been agreed. 

Normative work for UAV in LTE

The normative work for UAV related to the MR in LTE can be split into the following items as follows:
•	UE-triggered measurement report based on configured height thresholds
· This is for network to identify UL interference on terrestrial UE;
•	Reporting of height, location and speed in measurement report
· This is for network to identify UL interference on terrestrial UE as well;
•	Flight path reporting
· This is for mobility enhancement;
•	Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
· This is for Airborne status/interference detection and indication
Obviously, the above mechanisms can address the similar issues in NR as well.
Proposal 1: RAN2 can confirm that LTE UAV mechanism should be reused as baseline.
Potential Enhancements
Furthermore, nowadays, UAVs can be used in a wide range of applications, with innovators constantly identifying new, beneficial applications for UAS – goods delivery, infrastructure inspection, search and rescue, agricultural monitoring. Correspondingly, the requirements of UAV communication are different in diverse applications, including coverage, data rate and latency. In order to avoid the negative impact on terrestrial UE, current LTE UAV mechanism is basically conservative with restricted QoS performance. Hence, further improvement in NR is needed to meet the requirements. 
As illustrated above, the radio environment including the RSRP, RSRQ and RSSI characteristics of aerial UE in the air are different from terrestrial UEs at ground level. That is, RSRQ in general decreases for airborne UEs with increase in altitude compared to terrestrial UEs. Moreover, in LTE, only flight reporting is approved under the agenda of “Mobility Enhancement”, no further enhancement had been agreed.
A straightforward way to improve the aerial coverage performance is to introduce additional antenna which directions are to the air. However, these demands upgrade or replace the existing hardware, such as deploying dedicated RAN for drones or Massive MIMO antenna to provide special beams pointing to aerial objects, which has to cost large expense for equipment and constructions. Therefore, it is proposed as follows:
Proposal 2: RAN2 can study whether it is required to introduce additional enhancement of the conditional handover for UAV utilizing the Flying path plan information from the UE.
In addition to this, UAV always experiences frequent handover especially during take-off or landing as shown in the figure 3.
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Therefore, to avoid UP interruption due to the frequent handover, it is proposed as follows:
Proposal 3: RAN2 can study whether it is required to introduce additional enhancement of the L1/L2 handover or virtual flying cell for UAV taking the UE’s trajectory into account.

5 Conclusions
Proposal 1: RAN2 can confirm that LTE UAV mechanism should be reused as baseline.
Proposal 2: RAN2 can study whether it is required to introduce additional enhancement of the conditional handover for UAV utilizing the Flying path plan information from the UE.
Proposal 3: RAN2 can study whether it is required to introduce additional enhancement of the L1/L2 handover or virtual flying cell for UAV taking the UE’s trajectory into account.
1. Reference
[1] RP-213600 WID on NR support for UAV
[2] [bookmark: _Ref110993971]R2-1713897 Simulation Results and Analysis of Mobility Issues for Drones
image4.png
UE height = 100m

L
1500

I
1000

I
500

I
500

I
1000

L
1500

1500

1000

500

uogsod & 30

500

1000 -

-1500

UE X posttion




image5.png
UE ¥ position

1500

1000

500

500

-1000

-1500

UE height = 300m
T

L
1500

I
1000

I
500

L
1500





image6.png




image7.png
Antenna gain, Height

600

W0 500 60 700 80 900

0 200 300

E]
@

Distance (m)




image8.png




image2.png
UE height = 1.5m

L
1500

I
1000

I
500

I
500

I
1000

L
1500

1500

1000

500

uogsod & 30

500

1000 -

-1500

UE X posttion




image3.png
UE ¥ position

1500

1000

500

500

-1000

-1500

UE height = 50m

L
1500

[
UE X position

I
500

L
1500





