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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 on potential enhancements in interference mitigation for aerial vehicle (AV).
2. Downlink Interference Mitigation
In the downlink transmission, due to the higher heights, most of AVs will suffer stronger inter-cell interference from more neighboring cells than the terrestrial UEs, and consequently become the cell-edge UEs as analyzed in [2]. The data traffic of AV includes application data traffic and command and control (C&C) traffic, where C&C traffic is the data between AV and controller to support air traffic control, flight control, collision avoidance and so on. So, C&C traffic has higher reliability and latency requirements than application data traffic [3][4][5]. In our understanding, both C&C traffic and application data traffic of AV need to be protected from inter-cell interference. The downlink application data traffic could be protected by using the existing interference mitigation solutions in LTE with possible minor enhancement if necessary for interference detection. However, C&C traffic will need some special enhancements due to its higher reliability and lower latency requirements. 
Observation 1: Downlink interference mitigation is needed for both C&C traffic and application data traffic of AV.
Observation 2: Some special signal enhancements to support downlink C&C traffic transmission of AV would be expected.
Semi-persistent scheduling (SPS) has been supported in LTE network for VoIP service, which has periodical data with small data size during one period but has higher requirements in terms of reliability and latency. Downlink C&C traffic has similar features as VoIP service. So, it is straightforward to utilize SPS to support downlink C&C traffic transmission from our point of view. C&C traffic has bigger packet size and longer packet interval than VoIP but similar latency requirement as VoIP. Since C&C traffic might suffer more serious interference then VoIP users, SPS with multiple consecutive subframes to support C&C traffic transmission would be very useful. In order to minimize the impact on specifications and meanwhile maximize the flexibility of signalling, the support of multiple downlink SPS configurations could be considered. 
Proposal 1: Consider multiple downlink SPS configurations for one UE to support periodical downlink C&C traffic transmission.
To improve the transmission reliability, some C&C traffic requests the repeated transmissions. Due to its additional characterise of lower latency, it is also valuable to consider these repeated transmissions within adjacent subframes for downlink C&C traffic, where these repeated downlink transmissions could share same ACK/NACK HARQ. 
Proposal 2: Consider multiple retransmissions with more adjacent subframes to support downlink C&C traffic transmission. 
The existing solutions for downlink interference coordination in LTE network with non-ideal backhaul include ICIC (in frequency domain or time domain) and CoMP (in frequency-time domain). ICIC in frequency domain does not support adaptive resource allocation. ICIC in time domain supports adaptive ABS pattern by ABS Status information, which includes the percentage of used ABS resources and associated usable ABS pattern. CoMP in time-frequency domain supports adaptive resource allocation by CoMP Information and/or CSI Report. CoMP Information includes benefit metric and associated CoMP hypothesis set as well as the optional start time indication, where benefit metric indicates cost/benefit due to associated CoMP hypothesis. CSI Report includes CQI and RI. So, the existing solutions for downlink interference coordination in LTE network does not support the priority indication of interference protection from multiple transmission points in the same time-frequency resources, no matter what is the value of cost/benefit/usage. However, C&C traffic might need the interference protection from multiple transmission points with guaranteed resources in the same time-frequency domain. So, the existing solutions are not suitable for C&C traffic.
Proposal 3: Add priority indication for associated downlink resource allocation (hypothesis) to support inter-cell interference coordination in LTE, where the priority indication is above cost/benefit information. 
The C&C traffic is a periodical data with less data size but possible longer data arrival interval. In the existing solutions for downlink interference coordination over X2 interface, RNTP (eRNTP) indicates the transmission power limitation in frequency domain without subframe information (with up to 40 subframes); ABS pattern and usable ABS pattern indicate the resource information in time domain for 40 subframes (i.e. 40ms) in FDD and up to 70 subframes (i.e. 70ms) in TDD; CoMP hypothesis indicates whole PRB-level information for interference protected resources in up to 40 consecutive subframes. So, the existing resource allocation as well as the existing resource allocation hypothesis in X2 interface are not enough efficient to provide the detailed resource indication used for C&C traffic.
Proposal 4: Enhance the existing resource allocation (hypothesis) indications in X2 interface to support efficient resource indications for downlink C&C traffic transmission. 
3. Uplink Interference Mitigation
In the uplink transmission, due to the higher height, the data transmission of one AV might cause stronger uplink interference to more neighbor cells and/or transmission points. Similar to downlink transmission, the uplink data traffic of one AV includes application data traffic and C&C traffic, where C&C traffic has the requirements of higher reliability and lower latency. So, the solutions to mitigate the uplink interference due to the transmission of uplink application data traffic and/or uplink C&C traffic of AVs need to be studied. Moreover additional signal enhancement to support uplink C&C traffic transmission of AV might be needed too.
Observation 3: The solutions to mitigate the uplink interference due to the transmission of uplink application data traffic and/or uplink C&C traffic of AVs need to be studied.
Observation 4: Additional signal enhancement to support uplink C&C traffic transmission of AV might be needed.
Uplink C&C traffic has similar features and requirements as downlink C&C traffic. So, SPS would be an effective way to support periodical uplink C&C traffic. Although multiple SPS configurations for one UE have been supported for uplink transmission in LTE, it is still valuable to study if the existing mechanisms of uplink SPS can support uplink C&C traffic transmission well. 
Proposal 5: Study if the existing uplink SPS mechanism can support uplink C&C traffic transmission well. 
Similar to downlink C&C traffic, some uplink C&C traffic might request the repeated transmissions to guarantee the enough reliability. Although TTI bundling for repeated transmissions within multiple consecutive subframes has been supported in LTE for uplink data transmission, only few PRBs in one subframe with lower modulation order could be used to support TTI bundling of one UE. So, the enhancement to support redundant transmission with more available resources is expected.    
Proposal 6: Study the solutions to support redundant transmission of uplink C&C traffic with more available transmission resources. 
The existing solutions in X2 interface to support uplink interference coordination include UL High Interference Indication, UL Interference Overload Indication and Extended UL Interference Overload Info. UL High Interference Indication provides, per PRB, a report on interference sensitive (high interference or low interference from source cells to target cells); UL Interference Overload Indication provides, per PRB, a report on interference overload (high interference, medium interference, low interference); and Extended UL Interference Overload Info provides report on interference overload for the set of subframes that are subject to UL-DL subframe reconfiguration, and applies to TDD only. So, the existing solutions in LTE network for uplink interference coordination are the distributed solutions and do not support the centralized resource allocation. 
Observation 5: The existing solutions in LTE network for uplink interference coordination are the distributed solutions and do not support the centralized resource allocation.
Proposal 7: Study the mechanism to support more efficient uplink resource allocation for intel-cell interference coordination. 
4. Conclusions
In this contribution, we give our views on potential enhancements for interference mitigation in this SI with the proposals below.
Observation 1: Downlink interference mitigation is needed for both C&C traffic and application data traffic of AV.
Observation 2: Some special signal enhancements to support downlink C&C traffic transmission of AV would be expected.
Proposal 1: Consider multiple downlink SPS configurations for one UE to support periodical downlink C&C traffic transmission.
Proposal 2: Consider multiple retransmissions with more adjacent subframes to support downlink C&C traffic transmission. 
Proposal 3: Add priority indication for associated downlink resource allocation (hypothesis) to support inter-cell interference coordination in LTE, where the priority indication is above cost/benefit information. 
Proposal 4: Enhance the existing resource allocation (hypothesis) indications in X2 interface to support efficient resource indications for downlink C&C traffic transmission. 
Proposal 5: Study if the existing uplink SPS mechanism can support uplink C&C traffic transmission well. 
Proposal 6: Study the solutions to support redundant transmission of uplink C&C traffic with more available transmission resources. 
Observation 5: The existing solutions in LTE network for uplink interference coordination are the distributed solutions and do not support the centralized resource allocation.
Proposal 7: Study the mechanism to support more efficient uplink resource allocation for intel-cell interference coordination. 
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