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1. Introduction

In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The study item will investigate the ability for aerial vehicles to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO). One of the aspects for potential LTE enhancement is as following:
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
In RAN2#98 meeting, identification issues were discussed and following agreements were made:
Agreements

1 Study if RSRP measurement report can be used for detecting both UL interference from air-borne UE and the DL interference air-borne UE might incur. Other solutions are not excluded.
2 Study the enhancement of measurement report mechanism to address the issue of  increased number of strong neighbour cells
In this contribution, we will discuss the possibility to use RSRP measurement report as the interference detection solution, and potential enhancement for measurement report mechanism.
2. Discussion
2.1. Interference detection using RSRP
As mentioned in [1], an air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground, and DL interference to drone UE and UL interference from drone UE are likely happened when drone UE flying well above the BS antenna height, as shown in following figures
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Figure 1 DL interference scenario for drone UE
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Figure 2 UL interference scenario for drone UE
RRM measurement is widely used in LTE system for mobility purpose in both RRC idle mode and connected mode. In the following part, RRM measurement for interference detection is analyzed. .

DL interference detection
For DL, as depict in Figure 1, neighbour cell downlink signals will cause severe DL interference to aerial UE because of LOS propagation between neighbour cells and drone UE. The purpose of DL interference detection is to mitigate the DL interference from neighbour cells that aerial UE can detect to aerial UE. It is necessary to obtain at least following information for serving eNB to handle the interference
· Which neighbor cell cause interference

· How much interference is caused by neighbor cell

By RRM measurement and comparison of serving cell RSRP and neighbor cell RSRP, drone UE can directly get the above information. Then after getting the RSRP/Q measurement report, eNB can handle the DL interference by interference mitigation solutions
Observation 1: RSRP/Q measurement report can be reused for DL interference detection for drone UE

UL interference detection

For UL, as depict in Figure 2, terrestrial UEs in neighbor cells will suffer severe interference from aerial UE because of LOS propagation between neighbour cells and drone UE. The purpose of UL interference detection is to mitigate the UL interference caused by aerial UE. It is necessary to obtain at least following information for serving eNB to handle the interference.

· Which neighbor cell is suffering interference

· Which aerial UE is causing interference

By RRM measurement, DL path-loss of specific neighbor cell can be deduced based on detected RSRP and acquired CRS power in SIB2 of neighbor cell. Then DL path-loss can be transferred to UL path-loss for specific neighbor cell as they could roughly regarded as same. Recall that during eMTC and NB-IoT study, network broadcast only one set of RSRP threshold for coverage extension region, which didn’t distinguish DL or UL either. After get UL path-loss is deduced for specific neighbor cell, together with UL transmission power of drone UE, serving eNB can estimate how much interference is caused by drone UE for specific neighbor cell. Then, the serving eNB can do UL interference mitigation e.g. power control, coordinate scheduling etc. 
Observation 2: RSRP/Q measurement report can be reused for UL interference detection for drone UE
Proposal 1: RSRP/Q measurement report is sufficient to do interference detection for drone UE, at least can be regarded as a baseline.
2.2. Potential enhancement for measurement report mechanism
If RRM measurement is used for DL/UL interference detection for drone UE, event A4 can be used to find potential neighbor cells that causing or suffering interference. Because of LOS propagation between drone UE and neighbor cell, drone UE can detect much more strong neighbor cells than terrestrial UEs [2]
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 \* MERGEFORMAT [3]. Besides, currently one measurement report is limited to contain maximally 8 cells results [4]. Thus, frequently measurement report will be happened which will result in signaling overhead and power consumption. 
To solve such problem, extension of current measurement schemes is needed, and following two enhancements can be considered
1. Extend max number of cells in one measurement report
2. Define specific TTT value for drone UE
Extension for max number of cells in one measurement report

Max number of cells that in one measurement report can be extended, then one measurement report can contain more cell’s results so that measurement report number can be decreased. Three options can be considered:

· Option 1: directly extend the value of maxCellReport
· Option 2: define a new parameter e.g. maxCellReportforDrone with larger value than maxCellReport
· Option 3: create a new scaling factor SFDrone for drone, and for measurement report of drone, it can use maxCellReport multiply SFDrone to realize the extension
Proposal 2: Extend max number of cells in one measurement report for drone scenario, and consider above options 
Define specific TTT value for drone UE

Consider the RRM measurement is for interference detection instead of handover, moderate delay can be accepted. With a larger TTT value for drone UE, more cells can be included in one measurement report. However, TTT is event-specific and only one TTT value can be indicated for A4 event. Except for interference detection, A4 can be also used for load balance purpose, thus it is necessary to create a specific TTT value for drone UE. Two options can be considered:
· Option 1: define a new parameter e.g. timeToTriggerforDrone specifically for drone scenario
· Option 2: create a new scaling factor SFDrone for drone, and for measurement report of drone, it can use timeToTrigger multiply SFDrone to realize the extension
Proposal 3: Define specific TTT value for drone UE for drone scenario, and consider above options 
Above two methods can be used together for drone UE. With larger TTT value, more cells can be detected and reported when TTT expires. With extended max cells number for measurement report, all detected cells results can be included into one measurement report instead of multiple measurement reports, so that extra measurement report signalling and power consumption for drone UE can be saved.
Proposal 4: Use above two methods together for RRM measurement enhancement of drone UE

3. Conclusion

In this contribution, we discuss the possibility to use RSRP measurement report as the interference detection solution, and potential enhancement for measurement report mechanism, and have following observations and proposals
Observations
Observation 1: RSRP/Q measurement report can be used for DL interference detection for drone UE

Observation 2: RSRP/Q measurement report can be used for UL interference detection for drone UE

Proposals

Proposal 1: RSRP/Q measurement report is sufficient to do interference detection for drone UE, at least can be regarded as a baseline.
Proposal 2: Extend max number of cells in one measurement report for drone scenario, and consider above options 

Proposal 3: Define specific TTT value for drone UE for drone scenario, and consider above options 

Proposal 4: Use above two methods together for RRM measurement enhancement of drone UE
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