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Introduction
In this paper, we discuss how to indicate UE’s airborne status, in relation to the work item description:
	Specify enhancements to support indication of UE’s airborne status … [RAN2]


[bookmark: _Ref178064866]
In addition, we discuss mobility enhancements with UE’s location information and airborne status, in relation to the work item description: 
	· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to mobility for Aerial UEs such as … enhancements based on information such as location information, UE’s airborne status, …, etc.


Discussion
It is concluded in the TR 36.777 that 
A UE, which is flying may be identified from the UE-based reporting, e.g., in-flight mode indication, altitude or location information, by utilizing enhanced measurement reporting mechanism (e.g., introduction of new events) or by the mobility history information available in the network.
In this paper, we give an overview of the two ways of achieving this: altitude/location information and in-flight mode indication. Enhancements on measurement reporting (i.e., RSRP, RSRQ, etc.) that might be useful for flying status indication are handled by another paper [3] , and utilizing mobility history information is a network implementation and does not require specifications. Lastly, we discuss mobility enhancements with UE’s location and airborne status. 
Altitude information
Altitude info computed at eNB 
One feature of a flying UE is that it has a high altitude. 
[bookmark: _Toc505858576][bookmark: _Toc505858619][bookmark: _Toc505861218][bookmark: _Toc505868718][bookmark: _Toc506292567][bookmark: _Toc506295659][bookmark: _Toc506407055][bookmark: _Toc506407137][bookmark: _Toc506407195][bookmark: _Toc506473266][bookmark: _Toc506487246][bookmark: _Toc506487276][bookmark: _Toc506487449][bookmark: _Toc506487598][bookmark: _Toc506487683]UE’s altitude information can reflect UE’s airborne status. 
The indication of the vertical component is already supported by barometric pressure sensor positioning method [1]. In the barometric pressure sensor positioning method, the UE vertical component of the position is estimated by combining the measured atmospheric pressure and a reference atmospheric pressure at a reference position including a particular reference altitude. This is accomplished through barometric sensors measuring atmospheric pressure at the UE, and applying a height determination algorithm using the reference atmospheric pressure. The UE measures barometric pressure and sends the measurements to the positioning server for position calculation. 
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Currently, the barometric pressure can be reported via LPP and the vertical component information is at UE or E-SMLC, but eNB is not aware of the vertical component. To let eNB acquire altitude information, this barometric measurement can be sent on RRC using a similar framework to the current measurement reporting framework. 
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In such case, eNB can send a pressure threshold value to the UE, and the UE triggers the reporting once its measurement is below the threshold, i.e., UE might be above a given altitude. 
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[bookmark: _Toc505342074][bookmark: _Toc505346976][bookmark: _Toc505346993][bookmark: _Toc505347000]After the triggered-event that UE might be over an altitude (i.e., it might be airborne), it is beneficial to continuously track that UE’s airborne status. Thus, the event-based periodic triggering can also be supported. 
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However, barometric measurement works mainly for outdoor UEs. If the drone-capable UE is not-flying and in an air-conditioned room, then the altitude information from the barometric measurement might not be accurate.  
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[bookmark: _Toc505254265]This leads to some cases where potential enhancements for flying UE such as conditional handover, UL power control for interference mitigation, enhanced measurement reporting mechanisms are configured. Thus, the impact of this falsely-alarmed flying status indication needs further investigation.
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[bookmark: _Ref505860480]Altitude info computed at UE
Supported by assistance data from the location server via LPP, the UE can also calculate its own vertical component of the. The barometric pressure sensor assistance data include reference pressure, along with other reference data, such as the reference point where the reference barometric pressure is valid and reference temperature at the reference point.
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In general, it is more cumbersome to ensure a correct computation of the information at the UE side. In both this case of computing altitude info at UE and the one above of computing altitude info at eNB, reference values need to be sent. An obsolete reference value in this method might lead to an incorrect reporting of the UE’s height, and that leads to an incorrect airborne status. However, in the method above, an obsolete reference can only result in an incorrect triggering, and the network can always send a conservative reference value to compensate the possible time variations. Since eNB is aware of the-up-to-date reference value, UE’s altitude is always correctly computed. Moreover, it is not clear whether/how height determinant algorithm should be specified at the UE. Therefore, it is more convenient to compute the UE altitude information at eNB side with pressure values from UE.
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Other location information
The UE can report the location in IE locationInfo, but it is currently piggyback on the measurement report. There have been suggestions in the SI that the locationInfo can be separately triggered, similar to the above proposal on barometric measurement. 
However, as we argued, UE’s knowledge on the altitude might not be accurate. Moreover, UE’s accurate information on the horizontal plane might only be useful once the UE is above a height and UE can send locationInfo on the barometric measurement report. 
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Explicit in-flight mode indication
The explicit in-flight mode indication has been mentioned, but how to properly define what it means that the UE is in an in-flight mode is not straightforward. 
One example is that network configures a set of conditions so that UE can indicate the in-flight mode. But, there are too many candidate conditions, and it may take a long meeting time to get a converged view/solution. Examples could include speed, height, certain RSRP/RSRQ measurement results, observing a far away cell ID, handover frequency, etc.  A much better solution is to ask UE to send these measurements and let eNB take the decision, which are already covered by the above proposals and the ones in our other paper [3]. 
It is also mentioned that the drone-capable UE knows whether it is flying or not from the drone-device, and it reports to network when it is flying. However, how to test this is not clear. 
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Mobility enhancements  
On airborne status, as stated above, it is not straightforward to specify in 3GPP the definition of a flying status for the UE. It would be easier to leave this as a network implementation, with necessary specification enhancements to facilitate eNB in this paper and paper [3].  Also on the location information, we have discussed in the section 2.1.2  that the altitude information of the UE shall be computed at the eNB since it is more up-to-date and reliable. In conclusion, it seems that airborne status and location information should be better acquired at eNB. 
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[bookmark: _Toc505699609][bookmark: _Toc505699589][bookmark: _Toc505699567]In LTE, it is already supported that eNB can re-configure mobility-related RRC parameters when airborne status and location information of the UE are acquired at eNB. We do not see an obvious specification impact and an immediate need to specify any enhancements.
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It was proposed in SI that, based on UE’s airborne status, UE can scale its related mobility parameters such as TTT and hysteresis, in a similar spirit to mobility speed state scaling in LTE. But, before agreeing on doing this, simulation results are needed to show the improvement of mobility performance, also considering a potential large specification impact. 
Conclusion
In section 2 we made the following observations:
Observation 1	UE’s altitude information can reflect UE’s airborne status.
Observation 2	E-SMLC can obtain UE’s altitude information by existing barometric pressure sensor positioning method in LPP.
Observation 3	Barometric pressure sensor positioning methods apply for outdoor UEs.
Observation 4	Further investigations are needed for the impact of a falsely-alarmed flying status indication.
Observation 5	In LPP, UE can calculate altitude information on its own but it needs reference pressure values sent to the UE.
Observation 6	It is more convenient to compute UE location at eNB side, i.e., UE sends pressure measurement values.
Observation 7	Airborne status and location information should be acquired at eNB
Observation 8	Utilizing airborne status and location information for mobility enhancement is up to eNB implementation

Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce support for barometric pressure measurement configuration and reporting via RRC.
Proposal 2	Barometric measurement reporting can be triggered by an event, e.g., the measured pressure is below than a RRC-configured reference threshold.
Proposal 3	Barometric measurement reporting can be periodically sent after triggering the event.
Proposal 4	LocationInfo can be piggybacked on the barometric measurement report, i.e., no separate location information reporting is introduced.
Proposal 5	Down prioritize explicit in-flight mode indication.
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