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1. Introduction

In RAN#78 meeting, new WID for aerial is approved [1]. One of the objectives for mobility enhancement is as following

	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 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..


In this contribution, potential mobility enhancements for aerial UE is discussed.
2. Discussion
During study item phase, it was identified for aerial UE, the potential mobility enhancements resides in following aspects:

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

· Handover procedure and related parameters for aerial UEs, based on UE’s airborne status and location information, may be enhanced.
In the following sections, potential enhancements for handover procedure, location reporting, usage of flying path is discussed.

2.1. Conditional handover for aerial vehicles
As flying altitude increase, aerial vehicle is easily experiencing handover failure because of the strong interference especially at cell edge. The main reason is that the strong interference from neighbouring cell at cell edge may cause handover command transmission failure. Besides, as flying speed of aerial vehicle is usually higher than terrestrial UE, which may reach up to 160km/h [2], handover failure is generally increased as UE speed increase. Thus, handover delay is very important factor to be considered for aerial UE with high speed. 
Conditional handover is under discussion for NR topic. Generally the procedure for conditional handover is shown in Figure 1 below [3].


[image: image1.emf]UE

Source

gNB

Data transmission

Candidate 

gNB1

Candidate

gNB2

1. Measurement report

2. Conditional handover request

3. Handover Acknowledge

4. Conditional handover command

(including one or more candidates)

5. Access to target cell

6. RRC reconfiguration complete

7. Handover complete


Figure 1 Procedure for conditional handover

The above figure shows the procedure for conditional handover. Two candidates are just used as an example. As usual, the handover request from the source eNB can be transmitted to multiple candidate eNBs. In this procedure, UE reports measurement results based on the measurement configuration from the source eNB. Once eNB plans to perform conditional handover, conditional handover request may be transmitted by X2 interface to multiple candidates for robust handover purpose. Based on handover acknowledges from the candidate eNBs, one or more candidate cells may be included in conditional handover command configured to UE.

Proposal 1: One or more candidate cells are allowed to be configured to UE by handover command.

When UE receives RRC reconfiguration message including conditional handover command, UE needs to evaluate whether the condition is met or not. So, UE does not apply RRC reconfiguration including conditional handover command immediately until the condition is met.

Proposal 2: RRC reconfiguration for conditional handover is not applied immediately until condition is met.

Since multiple candidates may be included in conditional handover command, it is possible that more than one candidate cell meets the handover condition. In this situation, UE should select the cell with the best channel quality.

Proposal 3: UE selects the candidate cell with a best channel quality when more than one candidate cell meets the handover condition.

Once the source eNB transmits the conditional handover command to UE, eNB still needs to schedule data for this UE since eNB does not know when the handover is performed. According to the procedure in the figure, the target eNB will indicate to the source eNB after the UE establishes connection. So the source eNB can stop scheduling until receiving the indication from targe eNB.

Proposal 4: After the source eNB transmits the conditional handover command to UE, eNB keeps scheduling for this UE until receiving the indication from target eNB.

2.2. Location information report

Location information is essential for an aerial UE that with high speed in three dimensional, which is more important than terrestrial UE and even vehicles. If the location information with sufficient accuracy is available in real time, then it can easily carry aerial operation with the following mechanisms:

· Mobility handling

· Location based RRM & Services etc.

· Inter-drone collisions avoidance 

· Interference handling

In current LTE system, eNB can configure UE to report location information in the measurement report. In RRCConnectionReconfiguration, eNB can use ObtainLocationConfig-r11 to request UE report location information, then UE will attempt to have detailed location information available using GNSS for any subsequent measurement report. In the measurement report, UE will include LocationInfo to report detail location information which includes three-dimensional coordinate, velocity, accuracy information etc. Looks the location information is detail enough which can be reused for aerial UE.
Proposal 5: Existing LTE location report parameters can be reused for aerial UE.
However, existing LTE location report mechanism may not efficient for aerial UE. For example, location measurement report for aerial UE may need to be decoupled from legacy RRM measurement report [4], or location information reporting may not be always needed [5]. Besides, it is also very important to avoid inter-aerial collisions for aerial UEs, which can be assisted definitely by the accurate location information. This is possible when location information can be broadcasted by the specific aerial UE and then surrounding aerial UEs can receive such information for inter-drone collision avoidance timely.
As we understand, aerial UE has two kinds of flying mode, one is autonomous flying mode, and another one is non-auto flying mode. When aerial UE is under autonomous flying mode, flying path in the following time period has been planned and determined, both location and time label can be known by aerial UE. This means aerial UE has the knowledge that at what time itself will fly to which position. 

The flying path information of aerial UE can be reported to eNB, so that eNB can manage corresponding measurement configuration and mobility issues for aerial UE. For example, by known flying path information, eNB can configure a relative longer location report interval for aerial UE, which can be used to confirm the actual flying path, and can also save the signalling overhead and power consumption of location information reporting. On the other hand, if aerial UE is under manipulate flying mode, eNB can configure a relative shorter report interval for location information. 

Proposal 6: Location information reporting can be enhanced based on flying path information of aerial UE

Furthermore, flying path information is helpful to assist serving eNB to select suitable target eNB during HO for aerial UE. For example, according to aerial UE’s flying path, eNB can avoid aerial UE handover to a cell that it will have a short connection period. This is depicted in the following figure
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Figure 2 Example for short duration of aerial UE
From the above figure, it can be seen that aerial UE will have short flying duration in Cell A and Cell B. Thus when doing handover, such kind of cell can be avoided by eNB so that the handover can be less frequently and can avoid unnecessary handover failure.
More specifically, if source eNB has knowledge that aerial UE has short flying duration in cell A based on flying path information, and cell C is also included in measurement results in aerial UE measurement report, source eNB can only send handover request to cell C. By such method, aerial UE do not need to handover from source eNB to cell A, and then handover from cell A to cell C, but just handover from source eNB to cell C to avoid frequently handover.

Proposal 7: During handover procedure, target cell selection can be enhanced by flying path information.
3. Conclusion

In this contribution, we analyze the potential scenarios and aspects for mobility enhancement of aerial UEs, and we have the following proposals:

Proposals

Proposal 1: One or more candidate cells are allowed to be configured to UE by handover command.

Proposal 2: RRC reconfiguration for conditional handover is not applied immediately until condition is met.

Proposal 3: UE selects the candidate cell with a best channel quality when more than one candidate cell meets the handover condition.

Proposal 4: After the source eNB transmits the conditional handover command to UE, eNB keeps scheduling for this UE until receiving the indication from target eNB.
Proposal 5: Existing LTE location report parameters can be reused for aerial UE.

Proposal 6: Location information reporting can be enhanced based on flying path information of aerial UE

Proposal 7: During handover procedure, target cell selection can be enhanced by flying path information.
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