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Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved in 3GPP RAN#75 meeting [1]. In RAN1#90 bis, the following conclusion [2] was achieved:
Conclusion:
· Further evaluate Rel-13 and Rel-14 coverage extension for aerial UEs in poor downlink SINR for common and control channels 
· Other coverage extension techniques for aerials are not precluded
· The impact on throughput performance and latency are further analysed/evaluated in RAN1#91
· FFS on whether power consumption needs to be considered
· The throughput performance and latency of the following network coordination schemes are further evaluated in RAN1 #91 meeting
· Joint transmission for control, data, associated signals
· Considering geographical separation of coordinating cells
· Resource reservation
· ABS, control/data muting
· Other options and combinations are not precluded
· FFS on whether power consumption needs to be considered

In this contribution, we will further discuss the options in the throughput performance and latency of the following network coordination schemes and the need of coverage extension operation. The rest of the contribution is organized as follows: Section 2 explains that the network coordination may need the assistance of the height of aerial UE. Section 3 provides our views on resource reservation. Section 4 discusses the usage of coverage extension. Finally, Section 5 concludes the contribution. This contribution is revised from R1-1718267.
Network coordination
In previous meeting, the throughput performance and latency of the network coordination are concluded to be further evaluated for DL interference mitigation. The performance of the network coordination scheme may be related to the size of the coordination set. On one hand, if the set size is too small, the network coordination would not be sufficient to mitigate the interference. On the other hand, if the set size is too large, the need to perform many coordination operations may result in larger latency. Therefore, a proper size of coordination set should be considered.


Figure 1. The number of cells detected by aerial UE is related to its flying height above ground and the surrounding environment.
For ground UE, as the TUE exemplified in Figure 1, only neighbor cells a1, a2, … , a6, need to be taken into account when considering network coordination. However, for an aerial UE that is flying above a certain height, it normally can detect and consequently can be interfered by more neighbor cells. Therefore, the flying height of the aerial UE should be taken into account when determining the size of the network coordination set.
For example, Aerial UE1 illustrated in Figure 1 can not only measure cells a1, a2, a3, … , a6, but also measure some “extended neighbor cells”, such as b1, b2, …, b12. Likewise, Aerial UE2 may measure cells a1, a2, a3,… , a6, cells b1, b2, …, b12, and cells c1, c2, …, c18. It is simulated by some companies that the higher the aerial vehicle is flying, the more cells it can detect. Therefore, in order to determine a proper size of the network coordination set, the height of the aerial UE should be considered.
Proposal 1: The height of the aerial UE should be considered in order to determine a proper size of the network coordination set.
Resource reservation 
In previous meeting, resource reservation is concluded to be potentially used for DL interference mitigation. According to our understanding, one of the main differences between aerial UE and ground UE is that aerial UE mostly has LOS propagation property due to its flying environment. So, it is believed that aerial UE would have a better performance than ground UE in some frequencies. It is possible for eNB to reserve some physical resources (time/frequency) for aerial UE. In this way, the throughput of aerial UE may be increased and the interference may be mitigated. Therefore, we think resource reservation for aerial UE can be further studied.
Proposal 2: Resource reservation for aerial UE can be further studied.
It is observed that an aerial UE is not always flying at a high elevation and/or at a high speed. The aerial UE that is flying below a certain height may be treated as a ground UE. Therefore, eNB does not need to reserve resource for aerial UEs that are flying below a certain height. In another word, only those aerial UEs that are flying at/above a certain height with/without a high speed can use the reserved resource. Therefore, we think a height threshold (related to the environment) should be configured if resource reservation is employed to mitigate DL interference.
Proposal 3: A height threshold can be configured if resource reservation is employed.
Moreover, with the assistance of aerial UE’s height information, eNBs may allocate resource more reasonably and efficiently for aerial UEs. For example, the same resource may be allocated to different aerial UEs if the distance between them is great enough. In this way, the geo-location may be jointly considered with the height of the aerial UE in order to identify which 3D space an aerial UE is in. The 3D space can be divided according to a 3D coordination (x, y, z), which result in a 3D resource reservation technique to improve the resource efficiency and mitigate interference.
Proposal 4: Resource reservation can be realized in a 3D manner if multiple height thresholds are configured.
Coverage extension
The concept and operation of coverage extension (CE) has been extensively investigated and adopted in LTE release 13 and 14. Coverage is commonly referred as Maximum Coupling Loss (MCL). Coverage extension basically enables a higher MCL than the normal coverage and it is obtained by the transmission with repetitions operation.
In LTE release 13, the usage of repetition to support CE is firstly introduced to bandlimited (BL) UE (e.g. eMTC and NB-IoT). In LTE release 14, the usage of CE has been extended to the non-bandlimited (non-BL) UE. It means the legacy UE that operate with wider bandwidth (e.g cell bandwidth) can use the transmission with repetition in order to enhance its coverage. This coverage extension technique has been proven and widely used. The implementation complexity is also relatively low. Thus, we propose to consider this technique to be adopted for the aerial vehicle communication. In this context, the main motivation is to increase the signal robustness against the interference.
Proposal 5: Support the usage of the coverage extension technique (i.e. transmission with repetitions operation) for the aerial vehicle communication.

In previous meeting the power consumption impact of coverage extension was mentioned. In general a use of repetitions increases the power consumption, compared to using no repetitions. However, this effect is partly offset if the usage of coverage extension reduces the effective packet loss and thereby reduces the need for multiple HARQ retransmissions. Also, in order to reduce the need for high number of repetitions when using CE, we think it would be beneficial to combine the use of CE with other methods to improve the radio link performance by mitigating the DL interference. 
In the on-going study item, the operation of downlink beamforming (i.e. with transmission mode supporting FD-MIMO) has been intensely proposed as a technique to mitigate the DL interference. In addition, the usage of beamforming can also provide a significant antenna gain. However, downlink transmission with beamforming combined with coverage enhancement has not been considered in the previous release. The main focus was for the low complexity UE. In aerial vehicle communication, a UE with higher complexity is expected. We propose to consider the combination of downlink beamforming based transmission (FD-MIMO) and coverage extension technique, since this combination is a good strategy to mitigate the interference and improve the radio link reliability. 
In practice, the beamforming gain can vary depending on the FD-MIMO operation. In order to achieve the same MCL target, higher number of repetition can be used for the case where the beamforming gain is relatively low, and vice versa.
Proposal 6: Support the combined operation of downlink beamforming based transmission (e.g. FD-MIMO) and coverage extension technique in order to mitigate DL interference.

Conclusions
In this contribution, based on the above discussion we propose:
Proposal 1: The height of the aerial UE should be considered in order to determine a proper size of the network coordination set.
Proposal 2: Resource reservation for aerial UE can be further studied.
Proposal 3: A height threshold can be configured if resource reservation is employed.
Proposal 4: Multiple height thresholds can be configured if 3D resource reservation is employed.
Proposal 5: Support the usage of the coverage extension technique (i.e. transmission with repetitions operation) for the aerial vehicle communication.
Proposal 6: Support the combined operation of downlink beamforming based transmission (e.g. FD-MIMO) and coverage extension technique in order to mitigate DL interference.
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