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Introduction
In the last RAN2 #101 meeting [1], airborne indication and location reporting was firstly agreed like below: 
	Agreement:

· 
Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status).


	Agreement:

· 
UE location information are included in the measurement report for Aerial UE based on the existing location information IE and reporting mechanism. Any parameters for reporting can be further studied.


In this contribution, we discuss to enhance aerial mobility with the relation of airborne indication and location reporting.
Discussion
In the last RAN2 meeting, airborne indication is introduced to support effectively height-dependent aerial radio configuration parameters in the eNB. To support airborne indication, the eNB provide reference altitude information which is a sort of threshold to identify the aerial UE’s airborne status e.g. airborne mode or not airborne mode. If the airborne UE is flying above the reference altitude, the aerial UE indicate to the eNB that the aerial UE becomes airborne status. If the airborne UE is flying below the reference altitude, the aerial UE doesn’t need to indicate to the eNB because the eNB is able to handle the aerial UE like other legacy UEs on the ground. Therefore, using the airborne indication, the eNB is able to estimate which parameters area applicable or when is the proper mobility procedure needed to the aerial UE. Even though a few companies proposed that ground reference information is provided by the each eNB so that the aerial UE determines its airborne status considering the eNB’s ground level, we think the reference altitude information is already considered by the eNB’s grounding position. In addition, since the reference altitude threshold can be different by not only just the eNB’s grounding position but also deployment environment e.g. rural area or urban area. If the eNB is positioned by urban area and there are lots of high buildings to support, the reference altitude threshold is higher than the rural area regardless of the grounding position. 
Proposal
1: A reference altitude i.e. threshold per a cell is enough to indicate the aerial UE’s airborne status of the cell.

However, the current agreement for airborne indication is not enough to support all type of aerial movement scenarios. In Figure 1, we are describing some cell deployment scenarios which should be more considered to support airborne mobility. In the Case A, it shows a mobility scenario from a hilly area to a low area which has different reference altitude information. The aerial UE are not supposed to indicate its airborne status which means not airborne status to the Cell#1 i.e. hilly area. Thus, when handover procedure is performed from Cell#1 to Cell#2, the eNB doesn’t provide airborne applicable configuration in the mobility control information even though the aerial UE becomes airborne status in the Cell#2 as soon as handover completion. In the Case B, it shows another mobility scenario from an urban area to a rural area which has different reference altitude information. The aerial UE are also not supposed to indicate its airborne status which means not airborne status to the Cell#4 i.e. urban area. Thus, when handover procedure is performed from Cell#4 to Cell#3, the eNB doesn’t provide airborne applicable configuration in the mobility control information even though the aerial UE becomes airborne status in the Cell#3 as soon as handover completion.
Observation
1: In mobility scenarios, the airborne status can be changed even without the aerial UE’s vertical movement because neighbour cell’s reference altitudes can be different with the serving cell.

Observation
2: The source cell is unable to provide airborne applicable configuration for handover unless the source cell or target cell can estimate the aerial UE’s airborne status in the target cell.
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Figure 1: Some Airborne-status Change Cases
 In both mobility scenarios, eNB is commonly unable to configure airborne applicable parameters to the aerial UE which changes airborne status even without changing its vertical movement. Then, the aerial UE which becomes airborne status in the target cell is configured by non-airborne parameters during handover procedure so that it causes not desirable problems i.e. UL/DL interference or handover failure. To prevent this problem, the source cell would better to acquire location reporting from the aerial UE as we agreed in the last RAN2 meeting before triggering mobility procedure. In our view, as soon as UEs are entering RRC_CONNECTED, the eNB can figure out whether the UEs in the area are supporting aerial function or not via capability acquisition or more information from the upper layer e.g. subscription information. Therefore, if the eNB configure the aerial UE the measurement parameters for location reporting in a timely manner before handover, the eNB may be able to configure handover configuration including airborne applicable parameters to the aerial UE which changes airborne status even without changing its vertical movement.
 However, the current location reporting procedure is a periodic mechanism. Thus, when the aerial UE is not moving place to place e.g. when this UE is hovering over the same area, the current reporting mechanism would cause unnecessary signalling overhead in uplink. On the other hand, when the aerial UE speed up/down rapidly or going up/down drastically, the current periodic reporting mechanism would not perfectly follow up the radio variation. In our view, it is beneficial to introduce other reference altitude information for indicating airborne status of potential target cells. Especially when the eNB configures UE Events A3 or A5 measurement configuration which is related to perform mobility scenarios, the aerial UE is eventually able to report its potential airborne status for the requested cells if the eNB also configure UE other reference altitude information for indicating airborne status of potential target cells.
Proposal
2: To indicate the aerial UE’s airborne status of the other cells, the aerial UE in RRC_CONNECTED is provided other cell’s reference altitude information, if available.
 To share the airborne status of the aerial UE between source cell and target cell, the airborne status information should be transferred by inter-node signalling message. However there is no option to transfer this information explicitly or implicitly in the current LTE specification. Below RRM-Config IE is used to one of element in the handover preparation information message but there is no location related information for the UE. Therefore we need to consider introducing the aerial UE’s current airborne information explicitly or implicitly in the TS 36.331.
Proposal
3: RAN2 is kindly asked to introduce the explicit or implicit aerial UE’s current airborne information to the inter-node signalling message.
RRM-Config information element (proposed example)
-- ASN1START

RRM-Config ::=



SEQUENCE {


ue-InactiveTime



ENUMERATED {










s1, s2, s3, s5, s7, s10, s15, s20,










s25, s30, s40, s50, min1, min1s20c, min1s40,










min2, min2s30, min3, min3s30, min4, min5, min6,










min7, min8, min9, min10, min12, min14, min17, min20,










min24, min28, min33, min38, min44, min50, hr1,










hr1min30, hr2, hr2min30, hr3, hr3min30, hr4, hr5, hr6,










hr8, hr10, hr13, hr16, hr20, day1, day1hr12, day2,










day2hr12, day3, day4, day5, day7, day10, day14, day19,










day24, day30, dayMoreThan30}

OPTIONAL,


...,


[[
candidateCellInfoList-r10
CandidateCellInfoList-r10

OPTIONAL


]]

}

CandidateCellInfoList-r10 ::=
SEQUENCE (SIZE (1..maxFreq)) OF CandidateCellInfo-r10
CandidateCellInfo-r10 ::=

SEQUENCE {


-- cellIdentification


physCellId-r10




PhysCellId,


dl-CarrierFreq-r10



ARFCN-ValueEUTRA,


-- available measurement results


rsrpResult-r10




RSRP-Range


OPTIONAL,


rsrqResult-r10




RSRQ-Range


OPTIONAL,


...,


[[
dl-CarrierFreq-v1090


ARFCN-ValueEUTRA-v9e0

OPTIONAL


]],


[[
rsrqResult-v1250



RSRQ-Range-v1250


OPTIONAL


]],


[[
rs-sinr-Result-r13



RS-SINR-Range-r13


OPTIONAL


]]

[[
airborneStatus-r15



ENUMERATED {airborne} 

OPTIONAL,

]]
}

-- ASN1STOP

Conclusion

In conclusion, we propose the followings: 
Observation
1: In mobility scenarios, the airborne status can be changed even without the aerial UE’s vertical movement because neighbour cell’s reference altitudes can be different with the serving cell.

Observation
2: The source cell is unable to provide airborne applicable configuration for handover unless the source cell or target cell can estimate the aerial UE’s airborne status in the target cell.
Proposal
1:
A reference altitude i.e. threshold per a cell is enough to indicate the aerial UE’s airborne status of the cell.
Proposal
2:
To indicate the aerial UE’s airborne status of the other cells, the aerial UE in RRC_CONNECTED is provided other cell’s reference altitude information, if available.

Proposal
3:
RAN2 is kindly asked to introduce the explicit or implicit aerial UE’s current airborne information to the inter-node signalling message.
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