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

	The objective is to specify the following improvements for enhanced LTE support for aerial vehicles.  Note: Enhancements are built on existing mobility mechanisms and these mechanisms may be enhanced if identified to be needed.
· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:

· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.

· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.
· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2].

· Signaling support for subscription based identification [RAN2 lead, RAN3]

· Specify S1/X2 signalling to support subscription based aerial UE identification
· Specify UL power control enhancements in the following areas [RAN1, RAN2]
· UE specific fractional pathloss compensation factor

· Extending the supported range of UE specific P0 parameter


In this document, we discuss an enhancement of mobility history reporting to support improved mobility performance in the aerial communications
Discussion
In Long Term Evolution (LTE), a mobility history reporting which is used to help the network estimates UE speed is proposed to support seamless and proper handover in providing maintaining user’s quality of services. The mobility history reporting is one of features of mobility prediction to identify future target eNB, to reduce handover latency, to reduce interference caused by neighbours, and to enhance mobility performance on the ground. For unmanned aerial vehicle (UAV) environments, RAN2 had also studied different interference scenarios which bring out different mobility scenarios of the aerial vehicles below [2]:
· As identified DL interference problem for the aerial environments, since the aerial vehicles experience line-of-sight (LOS) propagation conditions to more cells with higher probability than terrestrial UEs, the aerial vehicles will receive interference from more cells in the downlink than a typical terrestrial UE could. 

· As identified UL interference problem for the aerial environments, the aerial vehicles degrade throughput performance of the terrestrial UEs with the similar reason of the identified DL interference problem which is that UL power of the aerial vehicles cause increasing UL interference to larger number of neighbour cells and the terrestrial UEs. 
 Thus, in the study item of the aerial vehicles, the mobility history reporting has discussed to support improved mobility performance similarly with the legacy LTE feature in the last study item. And it was concluded that the mobility history reporting is possibly used to solve potential interference or mobility problems which are caused by unpredictable mobility of the aerial vehicles, different neighbouring cell interferences, and even the aerial vehicle identification. 
Observation 1: Mobility History information is used to help the network estimates UE speed in LTE. 

 Especially in the aerial environments, speed of the aerial vehicles is usually faster than the terrestrial UEs on the ground and the number of detected neighbour cells is mostly larger than the terrestrial UEs cases. Because of these points, we think that only the legacy mobility history reporting is not enough to support mobility scenarios of the aerial vehicles. According to the handover simulation results of RAN2 aerial study item, between 60km/h and 160km/h, it can be observed that the mobility (handover) rate of terrestrial UEs is lower than that of the aerial vehicles  and as height (altitude) increases the mobility (handover) rate firstly increases obviously, then decreases slightly [3]. Even though this result cannot be applied to all scenario cases but the important point is that the network may wrongly estimate the speed of the aerial vehicles depends on the aerial vehicle’s altitude if the network supports only the existing mobility history information. 
Observation 2: Depending on UE altitude, the network may wrongly estimate UE speed with the existing mobility history information.
In our view, to support the improved mobility considering the aerial vehicle’s characteristics, additional logging information is needed to prevent wrong mobility estimation. In RRC_IDLE or RRC_CONNECTED state, if the aerial vehicles are able to log their altitude information for reporting the mobility information, it definitely helps the network estimates the actual aerial vehicle’s speed in the aerial environments. Because the network is able to apply the aerial vehicle’s characteristics according to the logged altitude information along with time spent information in the mobility history reporting. Thus, we proposed that when cell reselection in RRC_IDLE or handover in RRC_CONNECTED is occurred, the aerial vehicle logs its altitude information for reporting the mobility history information. A simple suggestion for ASN.1 can be described by followings:
VisitedCellInfoList information element

-- ASN1START

VisitedCellInfoList-r12 ::=
SEQUENCE (SIZE (1..maxCellHistory-r12)) OF VisitedCellInfo-r12

VisitedCellInfo-r12 ::=



SEQUENCE {


visitedCellId-r12




CHOICE {



cellGlobalId-r12





CellGlobalIdEUTRA,



pci-arfcn-r12






SEQUENCE {




physCellId-r12






PhysCellId,




carrierFreq-r12






ARFCN-ValueEUTRA-r9


}


}















OPTIONAL,


timeSpent-r12





INTEGER (0..4095),

aerialAltitude





OCTET STRING



OPTIONAL,

...

}

-- ASN1STOP

	VisitedCellInfoList field descriptions

	timeSpent

This field indicates the duration of stay in the cell or outside E-UTRA approximated to the closest second. If the duration of stay exceeds 4095s, the UE shall set it to 4095s. 

	aerialAltitude

This field indicates the height of the UE in the cell. The parameter is used like other altitude information which is defined in TS36.555 [54]. The first/leftmost bit of the first octet contains the most significant bit.


Proposal 1: When serving cell is changed by cell re-selection or handover, UE logs its altitude along with time spent in the previous cell.
However this suggestion cannot be always good to all cases of the aerial vehicles. Since it may be burden to some aerial vehicles while the aerial vehicles are operating such as the terrestrial UEs on the ground e.g., flight at low altitude and statically 3km/h speed etc. To make efficient mobility history reporting, the aerial vehicles need to exclude not essential information which doesn’t affect significant point to network to estimate the aerial vehicle’s mobility. Therefore, we proposed that When the aerial vehicle enters RRC_CONNECTED, the aerial vehicle reports simple UE altitude information (e.g. below threshold or above threshold) via the mobility history reporting. The threshold information can be provided by UE Information Request message or the information can be also provided by other RRC (dedicated) signalling messages e.g., RRC Connection Reconfiguration if the network already certificated or identified the UE is the aerial type. The granularity of the altitude in the mobility history information is FFS.
Proposal
2: When UE enters RRC_CONNECTED, UE reports rough UE location information (e.g. altitude below threshold or above threshold) via the mobility history reporting.
Proposal
3:
The granularity of the altitude in the mobility history information is FFS.
Conclusion

In conclusion, we propose the followings: 
Observation 1: Mobility History information is used to help the network estimates UE speed in LTE. 

Observation 2: Depending on UE altitude, the network may wrongly estimate UE speed with the existing mobility history information.

Proposal
1: When serving cell is changed by cell re-selection or handover, UE logs its altitude along with time spent in the previous cell.
Proposal
2: When UE enters RRC_CONNECTED, UE reports rough UE location information (e.g. altitude below threshold or above threshold) via the mobility history reporting.
Proposal
3:
The granularity of the altitude in the mobility history information is FFS.
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