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1 Introduction

One of the main objectives of the WI on Aerials [1], is to investigate “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”.  This contribution considers how UL interference problem at the neighbouring cells should be accounted for as part of the solution for mobility enhancement.
2 Considerations for UL interference for mobility   
One of the ongoing topics of discussions in Aerial Vehicles is the need to detect the presence of both UL and DL interferences at neighbouring eNBs.  Several solutions for detecting interference were provided in [2] and updated in the TR [3].  For DL interference detection the existing UE-based measurements report may be used with some enhancements by increasing the maximum size of reported cells to account for the increased number of cells that the UAV will likely detect.  Importantly, through proper configuration from the source cell, the UAV can provide the necessary measurement reports for the source cell to make the correct handover decisions. 
With UL interference, the situation is more severe since transmissions from one UAV may potentially impact UL transmissions in many neighbouring cells.  Therefore, it should be carefully considered how the UL interference should be detected.  However, simply detecting the interference would be pointless without knowing how this UL detection will lead to mitigation or avoidance of the UL interference. Furthermore, it should be considered if UL interference should be part of the mobility solution.  For example, in the situation whereby two neighbouring cells experiences UL interference from the UAV, but one with experiencing greater UL interference than the other it will likely make a difference which cell the UAV is handovered to.  In this situation, if the source cell were to make a decision just between these two cells assuming DL interference is tolerable, it would likely make more sense to handover the UE to the cell experiencing the stronger UL interference.  

Proposal 1: UL interference should be considered as part of the total mobility solution for UAVs. 

Since the UE cannot directly calculate the UL interference experienced at the neighbouring cells one of the possibilities is to calculate the UL interference base on the pathloss using DL-UL reciprocity [4] [5]. But as indicated in the TR [3] “DL pathloss and UL pathloss for an aerial UE may differ in some scenarios where reciprocity does not hold e.g. due to different side lobe orientations in UL and DL, or different channel characteristics in an FDD deployment”.  However, it should also be noted that none of the UL detection solutions covers all scenarios and it is questionable whether exchanging of information between eNBs by direct network coordination is really feasible considering X2 interfaces may not be available between far away eNBs. 
Observation 1:
UL interference detection at the UAV base on the pathloss using DL-UL reciprocity may hold in some scenarios but not all. 

Observation 2:
Network-based UL interference detection by exchanging information between eNBs may not work especially if X2 interface is not available between far away eNBs. 

2.1 UE-assisted mobility solution under UL interference
From the Observations 1 and 2, neither of the two UL detection mechanisms alone is satisfactory.  Even if the UAV’s UL detection using UL-DL pathloss is correct and the measurement of this neighbour cell is triggered with RSRP above a configured threshold, the UAV doesn’t know whether the neighbour cell can tolerate the UL transmissions.  Therefore, it should be possible for the neighbour cell to indicate to the UAV whether UL interference is tolerable.  The solution is depicted in Figure 1 as part of a mobility solution.
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Figure 1: Measurement report with UII

The main benefits of the scheme described in Figure 1 is the ability for the UAV to include in the measurement report the neighbour cells that cannot tolerate the UL interference based on the Uplink Interference Indicator (UII) broadcasted in SIB by the neighbour cells.  Furthermore, the UII will indicate whether the neighbour cell is accepting UAV handovers to its cell.  For example, even if the UL interference towards a neighbour cell is strong, in case the neighbour cell is congested it may not accept the handover request from the UAV’s source cell.  Considering the large number of neighbour cells that may experience UL interference by the UAV, in some cases it is not likely the UAV can include all the neighbour cells in its measurement report.  With UII, the UAV may prioritize to include in the measurement report of the neighbour cells that cannot tolerate the UL interference.  This will also reduce the necessity for the source cell to coordinate handover with many far away cells just to complete one handover, including the interruption time and/or RLF associated with Handover Preparation failures. 
Proposal 2:
The neighbour cell should have the option to provide in SIB whether the UL interference is tolerable and whether handover to its cell is acceptable.
In addition to the solution described in Figure 1, it should also be considered if the source cell should also provide in SIB the UII from the neighbouring cells. This would allow other UAVs in the cell to know ahead of time whether one of the neighbouring cells is already experiencing UL interference that is not tolerable.  Then these UAVs will not need to monitor the SIBs from these neighbour cells resulting in reduced power consumption and less signalling. 
Proposal 3:
The source cell should have the option to provide in SIB the UII status of the neighbouring cells.
Proposal 4:
Capture in the TR the above solution for mobility enhancement. 
3 Conclusion
This contribution provided some principles that should be considered for UL interference coordination.  A UE-based mobility solution is also provided that takes into account of the UL interference experienced at neighbouring cells.  We have the following observations and proposal.
Proposal 1: UL interference should be considered as part of the total mobility solution for UAVs.

Observation 1:
UL interference detection at the UAV base on the pathloss using DL-UL reciprocity may hold in some scenarios but not all. 
Observation 2:
Network-based UL interference detection by exchanging information between eNBs may not work especially if X2 interface is not available between far away eNBs. 

Proposal 2:
The neighbour cell should have the option to provide in SIB whether the UL interference is tolerable and whether handover to its cell is acceptable.
Proposal 3:
The source cell should have the option to provide in SIB the UII status of the neighbouring cells.
Proposal 4:
Capture in the TR the above solution for mobility enhancement. 
4 References
[1] RP-170779, “New SID on Enhanced Support for Aerial Vehicles”, NTT DOCOMO, Ericsson
[2] R2-17xxxx, “Summary of email discussion [99#37][LTE/UAV] DL and UL Interference detection”. NTT DOCOMO
[3] TR36.777 v0.x.x, “Study on Enhanced LTE Support for Aerial Vehicles”

[4] R2-1708541, “Interference Detection for Drones”, Huawei

[5] R2-1708734, “Detection of UAV interference”, Interdigital
1

_1572249200.vsd
Serving cell


Neighbour cell


UAV


UL Interference Indicator “UII” 
(1-bit Handover Indicator in a SIB msg.)


UL Transmissions 
(e.g., PUSCH, SRS, etc.)


Perform UL measurement and compares with a threshold


Read the UII in the SIB Message


CRS/CSI-RS


Event-triggered UL pathloss measurement based on DL-UL reciprocity


Measurement Report 
informing about the 
received UII


Handover Signaling Exchange over X2 or S1 interface


Handover Decision based on UII


Handover Command


1


2


3


4


5


6


7


8


9


RRC Connection Reconfiguration Complete


10



_1572329835.vsd
The UAV performs event-triggered measurements base on DL-UL reciprocity.  The threshold may be relaxed to account for scenarios when UL-DL reciprocity did not apply.
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The legacy steps to complete the handover.


6


The UAV provides the measurement report which includes the neighbour cells that has broadcasted UII in SIB.  The source cell will know which neighbour cell has problem with UL interference based on the UII provided in the measurement report.
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