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1 Introduction

The industry for drones, or aerial UEs, has been rising to public attention for some time. There are many and varied business cases already being explored, with significant growth forecast in the next few years, e.g. [1], [2]. Industrial applications such as oil pipeline or transport infrastructure investigations sit alongside security uses for surveillance, as well as consumer leisure. The marketplace and regulatory environment for these applications is at a very flexible stage, where opportunities abound. As these regulations are being set, it is the right time for 3GPP to provide an LTE service which permits regulators, operators, and service providers to have certainty that LTE will include upgrades to guarantee a strong and viable communications technology for the  from the beginning. 
The study item on Enhanced Support for Aerial Vehicles has successfully completed. TR 36.777 has identified the challenges e.g., interference mitigation, command and control (C&C) reliability improvement, mobility enhancement and drone regulation presented by aerial UEs, and techniques to overcome them. In order to realize the observed performance gains of the techniques in commercial deployments, we propose to follow up with a work item to specify the necessary techniques and mechanisms. 
As stated in TR 36.777, the technique of coordinated data and control transmission can simultaneously improve DL throughput, enhance C&C reliability and reduce the handover frequency. Therefore, we propose this overall technique is included in the WID of aerial vehicles.
2 DL enhancement techniques
In the Rel-15 SI, RAN1 studied six DL interference mitigation techniques:

· FD-MIMO
· Directional antennas (at UE)

· Receive beam forming
· Intra-site coherent JT CoMP
· Rel-13 eMTC coverage extension
· Coordinated data and control transmission scheme
The above techniques can improve the downlink performance of aerial UEs. Some techniques can be supported based on the current LTE specifications, and some techniques need to be standardized. The conclusion of the TR states:
Based on the study, it is concluded that LTE networks are capable of serving Aerial UEs, but there may be challenges related to UL and DL interference as well as mobility. The challenges become more visible when the density of the Aerial UEs is high. Both implementation based solutions and solutions requiring specification enhancements are identified to address these issues. To serve Aerial UEs more efficiently and limit the impact on Terrestrial UEs, solutions based on specification enhancements are beneficial.
For FD-MIMO, the antenna configuration in the evaluation of TR 36.777 is assumed 16 ports. FD-MIMO with 16 ports is not widely deployed in the practical network, and will take a long time to be commercialized. This cannot effectively ensure the imminent commercialization of aerial UEs in LTE networks.
Directional antennas at aerial UEs and receive beam forming will not only increase the cost of the aerial UEs, but are also very difficult to implement in reality due to non-ideal beam estimation and tracking. 
Intra-site coherent JT CoMP was shown to have some gains, and these arise from the coordinated use of physical resources. However, by its nature, it applies only to the cells within the same site and only to data channels. In fact, of course, cells belonging to different sites can also be coordinated or muted to reduce the interference and improve the strength of the useful signals. Thus, the resource utilization of aerial UEs could be expected to reduce if more cells, i.e. other sites, are coordinated, and the impact to terrestrial UEs would be reduced. 
The viability of repetition used as coverage extension technique, evaluated in TR 36.777 for eMTC, depends on the MTC/NB-IoT commercial deployment of operators. Availability of these technologies is likely to be driven by the high demand for the IoT services vertical, but coverage extension on its own is not designed to aid the challenges of aerial UEs, such as high mobility, interference, and low-latency C&C reliability.
In addition to the above problems, the techniques discussed above do not solve C&C reliability issue and cannot address the issue of frequent handover which was identified in the SI. Therefore, to provide the certainty of performance that this exploratory market requires, an overall technique is preferred to mitigate DL interference, reduce handover frequency and improve C&C reliability. As evaluated in the TR 36.777, the technique of coordinated data and control transmission can improve DL throughput, enhance C&C reliability and reduce the handover frequency. 
As seen from the Figure below, multiple physical cells, which construct a large cell for aerial UEs, jointly transmit common channels, control channels and data channels. The aerial UEs can perform cell access procedures on the large cell, and are served transparently by it. As a result, the DL SINR is improved for aerial UEs, and the throughput for aerial UEs improves correspondingly. The handover frequency can also be reduced, so the interruption time arising from UE’s measurement and handover is saved, which is also beneficial for throughput improvement and latency reduction.
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Figure 1: Coordinated data and control transmission
3 UL enhancement techniques
In Rel-15 SI, RAN1 also investigated UL interference from aerial UEs to ground UE, and the TR includes several techniques to mitigate it: power control based mechanisms, FD-MIMO, UE directional antenna and UL transmission beam forming. The above techniques can reduce the aerial UE’s interference to ground UE.

The principal issue in the UL for aerial UEs is that they cause high interference to many cells because of their height above the ground, and the cells they can interfere change quickly due to aerial UE speed. This naturally leads to solutions based on power control, particularly those which are able to respond more quickly to the changing interference environment. Thus, power control based mechanisms can be standardized in the WI to improve system performance.

However, as with most of the DL mitigation techniques discussed above, power control on its own does not help with C&C reliability and latency, which is a key differentiator from general LTE.

For FD-MIMO, UE directional antenna and UL transmission beam forming, there would be the cost and complexity issues as discussed in section 2.

4 Higher layer enhancements 
Mobility issues have been identified in RAN2, and several potential enhancements have been captured into TR 36.777:
Section 7.4: Potential enhancements for mobility performance
Existing mobility enhancement mechanisms (e.g., mobility history reporting, mobility state estimation and UE assistance information, etc.) can be assessed first if they work for drones and if they need enhancements. 

Handover procedure and related parameters for aerial UEs, based on UE’s airborne status and location information may be enhanced. 

Existing measurement reporting mechanisms may be enhanced, e.g., by defining new events, enhancing triggering condition and controlling the amount of measurement reporting, etc.
Flying path plan information, may be used for mobility enhancement
Besides evaluating if the existing mobility enhancement mechanisms can still work for aerial UEs, improved handover procedures and parameters, measurement reporting mechanisms and usage of flight-path information are identified as beneficial measures to improve the mobility performance for aerial UEs.
Since radio propagation at high altitude is quite different from on the ground, e.g. more neighbor cells can be detected by aerial UEs, the frequency of handovers increases substantially. Hence, handover procedures and parameters need to be adjusted to avoid unnecessary handovers. An increased number of detected neighbor cells also causes measurement reports to increase in size and frequency. Improvements are therefore possible to save signaling overhead for aerial UEs’ measurement reporting. Flight path information can be used for mobility enhancement, e.g. advance handover preparation. These measures can be specified as part of a WI.

The issue of interference detection is key factor to mitigate DL&UL interference. Two types of solution were raised during SI stage: UE-based solutions that are based on enhanced measurements reported by the UE, and network-based solutions, for example, uplink scheduling information or uplink reference signal (e.g., SRS) configuration of aerial UE can be exchanged between eNBs to aid detection of UL interference.

Identification of aerial UEs is also needed, and networks can distinguish an aerial UE based on mobility reports or handover statistics. Location information reporting needs to be enhanced for this purpose, because location information can only be a complementary IE in a measurement report and cannot be reported separately. 

In order to better support aerial vehicles communication in LTE, it is proposed to specify methods mentioned above in this WID.
5 Proposed Rel-15 WID objectives
Considering the market pressures presented by competing non-cellular technologies, and the nascent industry around drone and UAV businesses, it is the right time to add features to LTE that enhance its support for aerial UEs. Operators need to able to respond smoothly as the density of these UEs increases, and to offer the promise of a compelling network service now as well as in the future. Based on the analysis above and in the TR, we therefore propose a work item which will comprehensively tackle the issues identified in the SI:
· Specify inter-site coordinated initial access and DL transmission mechanisms with ideal backhaul for aerial UEs including:
· Synchronization signal, e.g., reuse LTE synchronization sequence but in different time-frequency location [RAN1]
· Demodulation RS for PBCH and system information[RAN1]
· Coordinated transmission of control channel and data to aerial UEs can reuse the MPDCCH and PDSCH transmission of CE Mode A for non-BL UEs from Rel-14.

· Specify enhancements in high layer for aerial UEs including:
· Mobility enhancement for aerial UEs [RAN2]
· Identification of aerial UEs [RAN2]
· Detection of interference from aerial UEs [RAN2]
· Resolve the uplink interference issue by specifying power control based mechanism(s) [RAN1]
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