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Introduction
In the last RAN plenary [1], for communication of aerial vehicles, A new study item was approved. 

	The objectives of the study are as follows:

· Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:

· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 

· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]

· Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

· 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]

· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]


In this document, we discuss how aerial vehicles can support seamless handling in the LTE network when handover failure.
Discussion
Aerial UE is sort of unmanned aerial vehicle (UAV) such as drone. For aerial UE, seamless mobility service is a significant point to consider because the aerial UE could be fully controlled by users so that just a little of disconnection or latency is able to lead to become a serious operation problem. Even though RLF (Radio Link Failure) handling procedure is a way of data recovery to support seamless mobility for UEs in current LTE specification, it will be the best way if the network could identify the aerial UE and support a sort of mobility enhancement such as enhanced measurement for handover with robustness and efficiency. In our view, since the network needs to acquire detailed measurement results for the aerial UEs, measurement mechanism should be applied as legacy LTE baseline i.e. event based and periodic based measurement report.
 We also need to discuss proper measurement handling related to the aerial UE mobility. Following the statement for cell measurement in drone scenarios in [3][4], the observation is that the number of detected strong cells increases with height; at flying altitude, a drone will have LOS connection to many cells, even relatively far away, at the same time. This will result in high signal strength to multiple base stations while the signal quality seems to be lower due to interference. In our view, this situation can cause two unexpected situation which is not good at the aerial UE’s radio signal quality i.e. late handover and ping pong handover.  The late handover is caused by not proper measurement handling in the cell edge area with high altitude. If the aerial UE is in high altitude and the aerial UE is moving drafty to neighbor cell coverage, there can be late handover issue such as radio link failure because the LOS connection becomes worse suddenly. The detail is described at Figure 1.
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Figure 1 Late Handover Issue
 The ping-pong handover issue is caused by frequent measurement report which is really not needed in cell edge region. If the aerial UE is in high altitude but the aerial UE is actually hovering in some region which is an edge section between serving cell and strong neighbor cell, ping-pong handover would be occurred by unnecessary measurement report. This situation can be more than the ground situation because good LOS connection at the high altitude makes many strong neighbor cells so that the cell edge coverage also larger than the ground’s. The detail is described at Figure 2.
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Figure 2 Ping-pong Handover issue

 These potential problems can be solved by dedicated measurement configuration for the aerial UE. If the aerial UE has different time-to-trigger value comparing with the legacy UE on the ground, the phenomenon which causes increasing interference due to many numbers of detected strong cells on the high altitude can be handled. For instance, when the aerial UE in the cell edge region with high altitude is heading to other cell area with high speed, the aerial UE needs to report more frequent measurement to support its mobility than legacy UE on the ground. In other hands, when the aerial UE in the cell edge region with high altitude is hovering, the aerial UE doesn’t need to report frequent measurement. The reason is that cell edge region is totally different with the legacy cell edge area on the ground and the aerial UE is able to move with not only horizontal speed but also vertical speed which cause drift change of interference level. In our view, to control the number of measurement report in a certain region, timer-to-trigger can be the best simple way.
Observation 1: If UE is in high altitude, it seems beneficial to set Time-to-Trigger to a relatively longer value in order to avoid frequent ping pong.
Observation 2: If UE is in low altitude, it seems beneficial to set Time-to-Trigger to a relatively lower value in order to avoid late handover and RLF.

 Lastly, we also need to consider the network based measurement mechanism. In our view, the network cannot control measurement better than the UE based mechanism. This is more important in the airspace because the aerial UE is able to change its horizontal/vertical speed unexpectedly. While network decide a proper measurement configuration for next measurement periods after receiving a certain measurement result, the aerial UE might be speed up and enter the other cells without any handling from the network. It would be happed easily than the ground cases. Then, power consumption also should be considered seriously because the most of aerial UEs have limited battery for flying and measurement configuration signalling between the network and the aerial UE may cause a lot of power consumption as many as the signalling should be transmitted. 

Thus, we propose that scaling measurement configuration as a candidate UE based measurement mechanism. Though the scaling measurement configuration, the aerial UE doesn’t need to consider the further measurement configuration base on the current measurement reporting. The aerial UE is also able to report for the current measurement result more quickly or less corresponding to its situation, signalling efficiency can be also better than the network based mechanism reporting. In our view, to prevent cases of the late handover or ping-pong handover issues such as Figure 1 or Figure 2, scaling time-to-trigger value can be the best simple way in event triggered measurement case.. Even though the aerial UE is not located at the cell edge region, less periodic measurement reporting can save its battery power consumption if the aerial UE is hovering in the center of cell area which is not suffering from the strong neighbor cells. Therefore the aerial UE also need to consider scaling measurement for periodic reporting, we think scaling reporting periodicity can be the best simple way in periodic measurement case. A simple example for scaling periodic reporting is described at Figure 3. 
Proposal 1: For event-triggered reporting, if configured, aerial UE scales the Time-to-trigger value depending on the detected strong neighbour cells or the height according to the given scaling information from eNB.

Proposal 2: For periodic reporting, if configured, aerial UE scales the reporting periodicity depending on the detected strong neighbour cells or the GPS i.e. velocity or the height of UE.
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Figure 3 Scaling Report Interval for Periodic Measurement Reporting

Conclusion

In conclusion, we propose the followings: 
Observation 1: If UE is in high altitude, it seems beneficial to set Time-to-Trigger to a relatively longer value in order to avoid frequent ping pong.
Observation 2: If UE is in low altitude, it seems beneficial to set Time-to-Trigger to a relatively lower value in order to avoid late handover and RLF.

Proposal 1: For event-triggered reporting, if configured, aerial UE scales the Time-to-trigger value depending on the detected strong neighbour cells or the height according to the given scaling information from eNB.

Proposal 2: For periodic reporting, if configured, aerial UE scales the reporting periodicity depending on the detected strong neighbour cells or the GPS i.e. velocity or the height of UE.
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