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1 Introduction
The previous RAN2 meetings made the following agreements for Air-borne UE mobility enhancement and summarizes in the latest TR36.777:
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In the previous SI phase it has been observed or identified that the air-borne UE’s experience may be different from that of the ground UEs, including RSRP, RSRQ, RSSI, pathloss, interference incurred and occurred, location of serving cell and number of neighboring cells. In this contribution we propose mobility management solutions for air-borne UEs concerning these differences.

2 Discussion
The differences in the experience of air-borne UEs and ground UEs will affect the following procedures and therefore dedicated enhancements can be employed: measurement triggering in RRC_IDLE, measurement report triggering in RRC_CONNECTED, Automatic Neighbour Relation (ANR) operations, and cell reselection priority.

2.1 Measurement triggering in RRC_IDLE

Due to the down-titled antenna deployment, side-lobe coverage and line-of-sight propagation, an air-borne UE may detect multiple neighboring cells with strong signal power. As a consequence it is of high possibility that RSRP/RSRQ from serving cell is higher than the threshold for triggering intra-frequency measurement for cell reselection, although the air-borne UE may have moved very close to neighbouring cell. According to TS 36.304, if Srxlev/Squal of the serving cell is still larger than SIntraSearchP/SIntraSearchQ, respectively, the UE may choose not to perform intra-frequency measurements. The inter-frequency measurement trigger has the similar issues with the threshold SnonIntraSearchP/SnonIntraSearchQ.
In order to alleviate this problem and trigger cell reselection in time, dedicated configuration to the measurement triggering conditions or dedicated design to the measurement triggering mechanisms is needed for the air-borne UEs. One simple solution is to add an air-borne UE dedicated offset parameter Qoffsetaerial_idle to the threshold SIntraSearchP/SIntraSearchQ or to the Srxlev/Squal calculation in the measurement triggering conditions:
Srxlev = Qrxlevmeas - (Qrxlevmin + Qrxlevminoffset) - Pcompensation - Qoffsettemp +/- Qoffsetaerial_idle
Squal = Qqualmeas - (Qqualmin + Qqualminoffset) - Qoffsettemp +/- Qoffsetaerial_idle
Or
Srxlev > SIntraSearchP +/- Qoffsetaerial_idle
Squal > SIntraSearchQ +/- Qoffsetaerial_idle
Proposal 1: For air-borne UE, use an air-borne UE dedicated offset parameter Qoffsetaerial_idle in the measurement triggering conditions (e.g. for Srxlev/Squal calculation or the threshold SIntraSearchP/SIntraSearchQ modification).

For the air-borne UE, several companies have provided field trials results as listed in Annex H and Annex I of TR36.777 indicating the differences in measurement at different altitudes.
Proposal 2: The air-borne UE dedicated offset parameter Qoffsetaerial_idle for measurement triggering can be altitude-specified or altitude-level-specified.
2.2 Measurement report triggering in RRC_CONNECTED
According to TS36.331, several events are defined for measurement report triggering, which are based on calculation and threshold as well. For the same reasons mentioned in 2.1, these events may not be fulfilled in time. Similar solution can be applied as well by adding an air-borne UE dedicated offset parameter Qoffsetaerial_connected to the conditions used in the measurement report triggering events. E.g. for Event A1:

Ms - Hys +/- Qoffsetaerial_connected > Thresh
Ms + Hys +/- Qoffsetaerial_connected < Thresh
Or

Ms - Hys > Thresh +/- Qoffsetaerial_connected
Ms + Hys < Thresh +/- Qoffsetaerial_connected
Proposal 3: For air-borne UE, use an air-borne UE dedicated offset parameter Qoffsetaerial_connected in the measurement report triggering events (e.g. for Event A1 add Qoffsetaerial_connected for Ms - Hys / Ms + Hys calculation or the threshold Thresh modification).

Proposal 4: The air-borne UE dedicated offset parameter Qoffsetaerial_connected for measurement report triggering can be altitude-specified or altitude-level-specified.
2.3 Neighbour Relation Table (NRT)
The ANR function resides in the eNB and manages the NRT, and the Neighbour Detection Function finds new neighbours and adds them to the NRT. ANR also contains the Neighbour Removal Function and the NRT is eNB-/cell-specific. Considering that the neighboring cell relations of the air-borne and ground UEs are different as observed in previous contributions, errors may occur during ANR operation for a cell with air-borne and ground UEs served.

The air-borne UE may detect a strong neighboring cell A that is geographical far away, which will be added into the NRT. However for the ground UEs using the same NRT, cell A is likely to be unavailable and may cause HO failure. On the contrary if cell A is deleted from the NRT considering the ground UEs, the air-borne UEs will possibly experience RLF due to that no neighbour cell relation exists to cell A.
A simple solution is to maintain separate NRTs for the air-borne and ground UEs so that operations on one will not affect another.
Proposal 5: For air-borne UE, use an air-borne UE dedicated NRTaerial if ANR function is employed in the serving cell.
Proposal 6: The air-borne UE dedicated NRTaerial for ANR can be altitude-specified or altitude-level-specified.
2.4 Cell Reselection Priority
In TR36.777, several simulations and field results indicate higher handover rate for aerial UE in most cases. And the higher the speed or the height of aerial UE is, the higher handover rate can be observed. One of the reasons is the irregular distribution of the strongest cell caused by different antenna altitudes, side-lobe coverage and line-of-sight propagation. In fact, cells with higher antenna altitude or smaller (even negative) downtilt are likely to provide better aerial coverage. It is promising to prioritise these cells for appropriate air-borne UEs (i.e. above a threshold of altitude) for reselection and handover, and therefore the reselection/handover rate can be reduced as well as the power consumption and RLFs.
Proposal 7: Introduce an indication to indicate the cell is prioritised for air-borne UEs above an altitude for reselection and/or handover.

Proposal 8: When the UE altitude is above the threshold indicated by a cell, higher priority to reselect this cell than normal cells. When the UE is under the threshold indicated by a cell, higher priority to reselect normal cells than this cell.

3 Conclusions
In this paper, we propose mobility management solutions for air-borne UEs including air-borne UE dedicated measurement triggering, measurement report triggering and NRT. We would like to propose:
Proposal 1: For air-borne UE, use an air-borne UE dedicated offset parameter Qoffsetaerial_idle in the measurement triggering conditions (e.g. for Srxlev/Squal calculation or the threshold SIntraSearchP/SIntraSearchQ modification).

Proposal 2: The air-borne UE dedicated offset parameter Qoffsetaerial_idle can be altitude-specified or altitude-level-specified.
Proposal 3: For air-borne UE, use an air-borne UE dedicated offset parameter Qoffsetaerial_connected in the measurement report triggering events (e.g. for Event A1 add Qoffsetaerial_connected for Ms - Hys / Ms + Hys calculation or the threshold Thresh modification).

Proposal 4: The air-borne UE dedicated offset parameter Qoffsetaerial_connected can be altitude-specified or altitude-level-specified.
Proposal 5: For air-borne UE, use an air-borne UE dedicated NRTaerial if ANR function is employed in the serving cell.
Proposal 6: The air-borne UE dedicated NRTaerial for ANR can be altitude-specified or altitude-level-specified.
Proposal 7: Introduce an indication to indicate the cell is prioritised for air-borne UEs above an altitude for reselection and/or handover.

Proposal 8: When the UE altitude is above the threshold indicated by a cell, higher priority to reselect this cell than normal cells. When the UE is under the threshold indicated by a cell, higher priority to reselect normal cells than this cell.
7.4 	Potential enhancements for mobility performance


In this section, potential enhancements for mobility performance are presented. 


Existing mobility enhancement mechanisms (e.g., mobility history reporting, mobility state estimation, UE assistance information, etc.) can be assessed first if they work for air-borne UEs and if they need further enhancements.


Handover procedure and related parameters for air-borne UEs, based on UE’s airborne status and location information, may be enhanced.


Existing measurement reporting mechanisms may be enhanced, e.g., by defining new events, enhancing triggering condition, controlling the amount of measurement reporting, etc.


Flying path plan information, may be used for mobility enhancement.








