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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 one of the potential network-based solutions without the need for dynamic network coordination.
2 Considerations for interference coordination   
One of the outgoing topics of discussions in Aerial Vehicles is the need to detect the presence of both UL and DL interference at neighbouring eNBs.  Several solutions for detecting interference were provided in [2].  For DL interference detection the existing UE-based measurements are clearly applicable and some proposals suggest increasing the maximum size of reported cells above the current limit of 8 considering the increased number of cells that the UAV will likely detect.  Therefore, DL interference detection and mitigation can be more easily handled by the impacted UAVs and the serving cell may take actions accordingly.
Observation 1:
For DL interference detection, UE-based measurements and reporting may be enhanced by increasing the number of reported cells.  
With UL interference, the situation is more severe since transmissions from one UAV may potentially impact UL transmissions in many neighbouring eNBs.  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.  In this respect, it is important to understand the solution impact to both UAVs and the network.  

Observation 2:
For UL interference detection, it is important to understand the intended solution for interference mitigation and how it impacts the UAVs and the network.  

As described in the WI justification [1], “Once an aerial vehicle is flying well above the BS antenna height, the UL signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions.”  Therefore, considering Observation 2, it may be necessary that network coordination between far away is needed which also means X2 interfaces need to be supported for these eNBs located far away which weren’t needed if only terrestrial UEs are supported.  In some cases, X2 interface may not be available between far away eNBs.  And in other cases the use of X2 interfaces may not be cost-effective.  
Observation 3:
Depending on the solutions for UL interference mitigation, it may be necessary for far away eNBs to coordinate with one another. 
Based on the WI justification [1], it is stated: “This study item will assess the performance of Rel-14 networks, when it is used for serving the aerial vehicles like drones.” So the assumption implies that the intention is not to modify the network (at least not significantly) to address the deployment of UAVs, but rather the impact of UAVs to the existing network. We assume when the market for UAV becomes significant enough it would be preferable for the operators to allocate a dedicated frequency channel for UAVs that way there will be no interference between UAV and terrestrial UEs.  Considering the potential impact of UAV’s UL interference to neighbour eNBs, one of the main criteria for solutions should be to minimize the need for extended network coordination. 
Observation 4:
One of the main criteria for solution for the mitigation of UL interference should be to minimize the need for extended network coordination.  
2.1 Network-based solution for handling UL interference
One of the key differences between NW detection of UL interference and UAV-based detection of UL interference is the way UL interference may be mitigated.  With UAV-based UL interference detection mechanism, it is only possible to estimate the UL pathloss based on receive signal strength such as RSRP assuming reciprocity and the assumption that the neighbour eNBs must be experiencing interference.  With NW-based detection, since the neighbour eNBs are performing the UL interference detection it is possible for the neighbour eNB to determine if the interference is strong enough, and whether this interference is tolerable by the neighbouring eNBs e.g., by using interference avoidance or MIMO cancellation techniques.  
Observation 5:
With NW-based UL interference detection, it is possible for the neighbouring eNB to determine if the interference is strong enough, and whether this interference is tolerable by the eNB without network coordination. 

From the perspective of NW-based detection, solutions 5 & 19 in the email discussion [2] are aligned with the above proposals.  If the estimation of interference is based on sounding signals (SRS), UAV’s UL signal may be estimated at the non-serving eNB based on known SRS configuration of the UAV.  When the UAV is provided by its serving eNB with UL resources it may inform neighbouring eNBs of the resource grants.  In particular, the UAV could implicitly provide the UL resource grant information to the neighbouring eNBs by using the subcarriers for its SRS transmission to be used for the scheduled UL data. Figure 1 shows the signaling-flow for this mechanism.
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Figure 1: UAV transmits the UL grant information using SRS decoded by the neighbouring eNB 

It may be assumed that the neighbouring eNBs can already monitor   UAV’s SRS transmissions using the existing SRS detection mechanism, without needing dynamic coordination among eNBs.  The UL grants may also be allocated semi-persistently so that the SRS will not need to be sent every time a new UL grant is provided to the UAV.     

This network-based solution follows the principle described in Observation 5 that if the neighbouring eNBs can handle the UL interference on their own then nothing more needs to be done.  In case the UL interference from the UAV is not acceptable to the neighbouring eNB additional steps will be needed to mitigate the interference.  A straightforward approach would be to allow the neighbouring eNB to inform the UAV’s serving eNB of the interference problem which may be provided in the SRS.  Although this will require network coordination, it will only be needed for the neighbouring eNBs that cannot handle the UL interference so in this sense the amount of network coordination is minimized.   
Observation 6:
Only neighbouring eNBs that cannot tolerate the UL interference need to inform the UAV’s serving eNB of the problem.
Proposal 1:
Capture in the TR the above network-based solution for handling of UL interference 
3 Conclusion
This contribution provided some principles that should be considered for UL interference coordination.  A network-based solution is also provided that require minimal network coordination.  We have the following observations and proposal.
Observation 1:
For DL interference detection, UE-based measurements and reporting may be enhanced by increasing the number of reported cells.  
Observation 2:
For UL interference detection, it is important to understand the intended solution for interference mitigation and how it impacts the UAVs and the network.  

Observation 3:
Depending on the solutions for UL interference mitigation, it may be necessary for far away eNBs to coordinate with one another. 

Observation 4:
One of the main criteria for solution for the mitigation of UL interference should be to minimize the need for extended network coordination.  
Observation 5:
With NW-based UL interference detection, it is possible for the neighbouring eNB to determine if the interference is strong enough, and whether this interference is tolerable by the eNB without network coordination. 

Observation 6:
Only neighbouring eNBs that cannot tolerate the UL interference need to inform the UAV’s serving eNB of the problem.

Proposal 1:
Capture in the TR the above network-based solution for handling of UL interference 
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