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1 Introduction
According to the new SID on enhanced support for aerial vehicles [1], RAN1 and RAN2 has the responsibility to find 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:

· In terms of LTE enhancements, the study should consider the following aspects:

· 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]

In this contribution, we provide our considerations on interference detection of uplink and downlink for drones, and preliminary proposals are provided.
2 Necessity of interference detection

According to our field measurement results for drones [2], as shown in Figure 1 below, the SINR decreases sharply when the altitude of drone increased. The reason for this deterioration is that the inter-cell interference increases as the drone flies higher.

[image: image1.png]Office aera(UMa)-The performance of SINR at different altitude Office aera(UMa-The performance of RSRP at different altitude
25 -60

kol B
15 7
= E
@ s}
kel kel
@ 10 @ 75
=z o
5 [}
o
5 a0
0 85
5 o
(] 50 00 150 0 50 00 150

Alttude(m) Alttude(m)




Figure 1: SINR and RSRP vs Altitude measurement results for drones
In case of higher inter-cell interference, it is beneficial for aerial UE to detect interference. If the corresponding interference are detected (including both of UL and DL), then techniques, such as interference avoidance, interference mitigation and coordinating transmission/reception, can be used to enhance UE (for both aerial UE and ground UE) performance.
In the following sections, the interference detection of UL and DL is discussed, respectively.
3 UL interference detection
Figure 1 shows the uplink interference scenario of ATG communications, the UL signal from drones at high altitude may cause high interference to neighbouring cells due to dominant LoS propagation environment. So it is meaningful to detect interference from drones. If it is identified that eNBs suffered from the UL interference of drones, then some interference handling methods can be applied to avoid/mitigate such strong interference.
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Figure 2: Uplink interference scenario of drones
In the following subsections, we focus on potential uplink interference detection methods for drones.
3.1 Physical signals used for interference detection
In order to detect the uplink interference, solutions via physical signal, such as CRS, SRS can be considered. 
3.1.1 CRS

Usually CRS can be used for downlink interference detection, i.e. for RSRP/RSRQ/CSI-RSRP measurement. Due to high LoS probability for aerial UE (especially when the altitude of drone is high), the reciprocity for uplink and downlink channel is better than ground UE. As a result, for aerial UE, it is more reasonable to infer uplink interference based on downlink CRS measurement.
The details for interference detection based on CRS measurement is discussed in downlink interference detection.
Proposal 1: CRS based interference detection should be considered for both UL and DL.
3.1.2 SRS

SRS can also be used to detect the uplink interference. For that the impacts to legacy UE should be considered. Since SRS is sent at the last symbol in normal uplink subframe, the capacity of SRS transmission is limited. If aerial UEs are required to send SRS more frequently for interference detection, then the resources utilization of SRS for aerial UEs may be very high, which may have some capacity issues in comparison with the situation of ground UE.
Moreover, SRS supports code division multiplexing, so the SRS interference between aerial UE and ground UE may be severe in case of high resource occupation.
For uplink interference detection based on SRS, more SRS resource coordination could be needed between eNBs. The coordination information such as SRS configurations should be provided among adjacent eNBs.

Proposal 2: SRS and SRS resource coordination can be used to detect uplink interference.
3.2 UE type of interference detection

Since the characteristic of ATG communication is quite different from that of terrestrial communication, it would be beneficial if UE can be categorized as aerial UE and ground UE, there are several identification levels could be considered for interference detection. 
· Level 1: UE type is not differentiated
· Level 2: Identify aerial UEs type
· Level 3: Identify individual aerial UE

With different identification levels, UE can implement different interference handling techniques. For example, if level 1 is used, eNB can apply general interference management method, such as CoMP based techniques. If level 2 is used, then eNB can differentiate processing for aerial UE and ground UE. If level 3 is used, then more advanced coordinating techniques can be considered as proposed in our companion paper [5].
4 DL interference detection
Figure 3 shows the downlink interference scenario of drones. It is similar to the situation for uplink interference. Although the downlink traffic demand of drones is not dominant, it is good to consider some convenient interference detection methods for better signal reception.
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Figure 3: Downlink interference scenario of drones

For downlink interference detection, drones can detect CRS from neighbor cells. UE should support RSRP/RSRQ/CSI-RSRP measurements for serving cell and neighbouring cells. In the current specification, when no measurement gaps are activated, the UE shall be capable of performing RSRP and RSRQ measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.
As mentioned above, more cells can be detected with high RSRP, so more measurement reports for interference management may be needed for aerial UEs. The detailed reporting mechanism can be further discussed in RAN2.
5 Conclusions
In this contrition, the interference detection for drones is analysed, and the following preliminary proposals are provided:
Proposal 1: CRS based interference detection should be considered for both UL and DL.
Proposal 2: SRS and SRS resource coordination can be used to detect uplink interference.
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