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1. Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved in RAN#75 meeting [1] with the following objectives for potential enhancements related to RAN1.
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
· 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]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]

In this contribution, we share our views regarding potential enhancements for this SI.
2. Uplink Interference Mitigation
In [3] we have highlighted a key observation from the radio measurements performed with a drone (aerial vehicle, AV) in a live LTE network, in a typical rural scenario, namely: 
· Uplink transmissions from drones are likely to impact the performance of at least twice as many neighbouring cells compared to the typical ‘ground’ UE uplink transmissions.
Here we complement this earlier observation and discussion with some further comments on the potential implications of the observed uplink interference on the interference mitigation solutions. 
Interference cancelling (receiver) solutions rely on 1-2 dominant interfering signals to be detected and cancelled from the desired signal. Even with low number of 1-2 AVs in each cell, the cells would detect strong interfering transmission from several AVs in the neighbouring cells, thus more than 2 dominant interfering signals would need to be processed. This is possible to achieve by utilizing larger number of antenna elements at the base station (limited by the physical size, frequency band, etc.).
The system-level performance of alternative solutions based on uplink receive beamforming are less dependent on the number of interfered cells under the assumption that all cells in the considered radio area are capable of receive beamforming with enough spatial resolution (sufficient number of receive antenna elements). 
Last, any solution which requires the cooperation of multiple cells would need to be ‘scaled’ up to accommodate the larger number of cells (not necessarily co-sited). As an example, a joint reception CoMP scheme, with coherent combining, would need to make use of at least 3-4 cells to achieve a 3dB performance improvement, especially for AV heights above 30m. In practice, due to imperfections and system implementation margins, the number of cells would likely need to be increased to 5-6 cells, and the backhaul delay need to be considered. 
Proposal 1: Consider extended cooperation set, with more reception points compared to solutions for ground UEs, to mitigate the uplink interference from the aerial UEs. 

3. Downlink Interference Mitigation
In [3] we have highlighted a key observation from radio measurements performed with a drone in a live LTE network, in a typical rural scenario, namely: 
· Channel downlink SIR (signal-to-interference ratio) and DIR (dominant interference ratio) statistics are very different for drone UEs above 10 m height compared to the ‘ground’ UEs at 1.5m height.
Specially, based on the measurement data, both SIR and DIR of the aerial UE will gradually decrease with the increase of its flight height when this flight height is above 15m. Here we complement this observation and discussion with some further comments on the potential implications of the observed downlink interference on the interference mitigation solutions.
The existing downlink interference mitigation solutions in LTE include interference cancellation, ICIC family, and CoMP family.
· Interference cancellation for downlink transmission is traditionally designed to cancel 1-2 dominant interfering signals, typical to ‘ground’ UE locations. Due to the increased number of the interfering cells, and consequently the low DIR, the AV UE would need to be able to cancel at least the 3-4 strongest interfering signals. This is possible when the larger number of the antenna elements are utilized but the solution is limited in practice by the allowed physical size of the antenna system in the frequency band considered.
· ICIC family includes ICIC, eICIC, CA-based ICIC and FeICIC, where ICIC is designed for the homogeneous network with the relatively regular macro cell deployment with the consideration of long-term transmission power restriction in frequency domain, eICIC is designed for the heterogenous network with the consideration of long-term transmission power restriction in time domain, CA-based ICIC utilizes multiple carriers for interference mitigation purpose, and FeICIC aids the UEs to suppress the interference from CRS of interfering cells by providing the CRS information of interfering cells to these UEs. 
· CoMP family includes dynamic ICIC, CoMP DPB, CoMP CS/CB, CoMP DPS and CoMP non-coherent JT in the order from simple to complex. The common features of CoMP family are the cooperation of multiple points by using the channel information of the UEs, and the PRB-level granularity in time-frequency domain for downlink interference mitigation purpose. CoMP DPS and CoMP non-coherent JT need data sharing within multiple transmission points and consequently have higher requirement in the system design than the other CoMP solutions. CoMP CS/CB strongly relies on the short-term channel information compared to dynamic ICIC and CoMP DPB so that CoMP CS/CB prefers ideal network backhaul while dynamic ICIC and CoMP DPB could be used with both ideal backhaul and non-ideal backhaul. Furthermore, due to the used beamforming technology, CoMP CS/CB would have to have additionally enough spatial resolution.
Therefore, the potential downlink interference mitigation solutions to support aerial UEs could include interference cancellation, dynamic ICIC, CoMP DPB and CoMP CS/CB at least with the consideration of network deployment environment and backhaul impact.
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Based on observation of gradually decreased SIR and DIR of the aerial UE with the increase of its flight height when this flight height is above 15m in [3], the aerial UE might suffer stronger interference from more transmission points than the ‘ground’ UE. So any solution which requests the cooperation of multiple transmission points for aerial UE would need to be ‘scaled’ up to accommodate the coordination of a larger number of transmission points (not necessarily co-sited). Therefore, the cooperation set with more transmission points for downlink interference mitigation purpose should be considered. 
Proposal 3:  Consider extended cooperation set, with more transmission points compared to solutions for ground UEs, to mitigate the downlink interference to the aerial UEs. 
4. Interference Detection
As discussed above, the aerial UE might be visible to more cells than the ‘ground’ UE so that the uplink transmission of one aerial UE probably impacts more cells than the ‘ground’ UE, and moreover the downlink transmission of one cell probably impacts the aerial UEs of its more neighbouring cells. Therefore, it is worth to study the mechanism to support the interference detection with enough cells for one aerial UE.
In the existing LTE network, one UE can be configured to report RSRPs, RSRQs and/or CSI-RSRPs of multiple cells (transmission points) to its serving cell for the purposes of handover, interference mitigation, positioning and so on. The RSRP and RSRQ are measured based on CRS information while the CSI-RSRP are measured based on CSI-RS information. Therefore, one of easy ways to solve the interference detection issue of aerial UE with minimal network impact is to reuse the existing mechanism to support RSRP/RSRQ/CSI-RSRP measurement and reporting with more cells.        
Another way to solve this interference detection issue is to enable more transmission points to detect the uplink reference signal (for example SRS) from a specific aerial UE. This solution needs to consider the coordinated resource allocation within multiple transmission points for the uplink reference signal transmission of specific aerial UE, and the near-to-far issue for uplink reference signal detection at the network side. The forward compatibility of this solution will be a problem due to its UE-specific resource allocation request.
Therefore, it is better to reuse the existing RSRP/RSRQ/CSI-RSRP measurement and reporting mechanism to support the interference detection of aerial UEs.    
Proposal 4: Reuse the existing RSRP/RSRQ/CSI-RSRP measurement and reporting mechanism with further enhancement if necessary to support the interference detection of aerial UEs. 
5. Conclusions
In this contribution, we give our views on potential enhancements for this SI with the proposals below.
Proposal 1: Consider extended cooperation set, with more reception points compared to solutions for ground UEs, to mitigate the uplink interference from the aerial UEs. 
Proposal 2:  The potential downlink interference mitigation solutions for aerial UEs could include interference cancellation, dynamic ICIC, CoMP DPB and CoMP CS/CB at least.
Proposal 3:  Consider extended cooperation set, with more transmission points compared to solutions for ground UEs, to mitigate the downlink interference to the aerial UEs. 
Proposal 4: Reuse the existing RSRP/RSRQ/CSI-RSRP measurement and reporting mechanism with further enhancement if necessary to support the interference detection of aerial UEs. 
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