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Introduction
In RAN#78 meeting, a new work item on “Enhanced LTE Support for Aerial Vehicles” was approved for Rel-15, and one key enhancement to support improved mobility performance and interference detection is in the following areas:
	· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.


[bookmark: _GoBack]In RAN2#101bis meeting, several companies have proposed to introduce height dependent TTT. Due to limited online time no discussion about this enhancement has been done. In this contribution, we further discuss the enhancement for height dependent TTT. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
As drone UE flying at altitude, it can detect more neighbour cells. Because the transmission channel is line of sight without obstructions that may block the signal, and the path loss only depends on the distance between eNB and UE with regard to stable frequency, it is possible that most of these neighbour cells are strong interfering cells. 
If trigger condition of measurement report is fulfilled after layer 3 filtering taken during timeToTrigger, a measurement report should be sent to eNB. Since aerial coverage is more fragmented due to many strong neighbour cells and side lobes of antennas, the more quickly the measurement is sent, the higher ping-pong rate and more signalling overhead can be expected. In other way, a larger TTT may lead to more HOF. For dealing with different requirement of mobility performance, quicker or less measurement reporting can be adjusted by height. It is similar to speed dependent TTT which has been specified in LTE, when the speed of UE changes the TTT will be scaled accordingly to adjust the reporting delay. For height dependent TTT, the same mechanism can be considered to adapt to different coverage situations at different level of height.
Several companies have proposed papers to discuss the height dependent TTT as follows:
[1] R2-1804652, Huawei, HiSilicon
[2] R2-1806135, LG Electronics Inc.
[3] R2-1805610, Ericsson
[4] R2-1806067, NTT DOCOMO INC.
[5] R2-1805157, Sony
0. Benefit of height dependent TTT
In [1], it mainly focus on that to reduce the trigger number of measurement report, eNB can configure different values for time to trigger based on drone UE altitude. For example when UE is flying above eNB it can detect many strong neighbour cells, so it can use a long time-to-trigger to tolerate the fluctuation of radio link quality of neighbour cells, and trigger a measurement report based on a more stable measurement results. According to the long time to trigger the measurement reporting frequency can be reduced. And when the drone lowers down the height until under the eNB, it can use a normal value of time to trigger as illustrated in Fig.1.


Fig.1 different time to trigger depending on altitude
In [2], it is proposed that to prevent cases of the late handover or ping-pong handover issues, scaling time-to-trigger value can be the best simple way in event triggered measurement case.
In [3], one observation is that when UE is airborne it is beneficial to trigger measurement results earlier compared to terrestrial UEs.
In [4], a similar benefit is claimed that the adjustment of TTT can help the UE to perform the handover (HO) more timely and reduce the handover failure (HOF) rate.
In summary, shortened TTT can help the UE to perform the handover (HO) more timely and reduce the handover failure (HOF) rate, and longer TTT can reduce the frequency of measurement reporting and lead to less signalling overhead. As for a drone UE, height dependent TTT can be introduced to fulfil different requirements of mobility performance.
Proposal 1: height dependent TTT can be introduced to fulfil different requirements of mobility performance for drone UEs.
How to configure height dependent TTT
There are several options to control height dependent TTT:
Option 1: different values of time-to-trigger can be configured to a drone UE depending on its altitude [1]. It seems to be a straight way to enable height dependent TTT.
Option 2: two distinct reporting configurations can be configured to airborne and non-airborne UE status with parameter values suitable for airborne and non-airborne UEs respectively [3]. Since a drone is flying almost all the time, it is nearly always in airborne status, so only airborne status need to be considered. After a drone has been identified by eNB, eNB can provide a reporting configuration dedicated for drones. It may be more like an implementation based configuration without standard impact.  
Option 3: AltitudeStateScaleFactors is introduced so height dependent TTT can be enabled like speed dependent TTT [5]. Additionally Altitude state is also need to be specified based on different height thresholds. This option is similar to current mechanism in LTE specification where TTT can be scaled based on a mobility state of the UE, where a mobility state is defined as a number of HOs seen by the UE based on certain configuration.
By the way, as mentioned in [4], if height dependent TTT is introduced, a height – speed combined scaling factor should be considered to adjust TTT for drone UEs. It may suggest to multiply these two scale factors based on speed and height respectively to create a final scale factor.
Proposal 2: RAN2 to discuss how to configure height dependent TTT.
Proposal 3: RAN2 to discuss if these two scale factors based on speed and height respectively can be multiplied to create a final scale factor.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296].Conclusion
By analysing the measurement issues for drones we have the following proposals:
Proposal 1: height dependent TTT can be introduced to fulfil different requirements of mobility performance for drone UEs.
Proposal 2: RAN2 to discuss how to configure height dependent TTT.
Proposal 3: RAN2 to discuss if these two scale factors based on speed and height respectively can be multiplied to create a final scale factor.
Reference
[1]		R2-1804652, Discussion on enhancement of measurement reporting mechanism, Huawei, HiSilicon
[2]		R2-1806135, Mobility Enhancement using MR Triggering, LG Electronics Inc.
[3]		R2-1805610, Measurement framework enhancement for mobility for aerial UEs while airborne, Ericsson
[4]		R2-1806042, Mobility Enhancement for UAV UE, NTT DOCOMO INC.
[5]		R2-1805157, Potential mobility enhancements for aerial UE, Sony

3GPP
image1.emf
Serving 

cell

Neighbor

Cell

RSRP

Time

Condition 

fulfilled

TTT1 below eNB

Event A3 

report

TTT2 above eNB


oleObject1.bin

