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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 in interference detection.
· 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]

The proposals, conclusion and agreed observations for UL interference detection in RAN1#90 meeting and RAN2#99 meeting are [2][3]
	Proposal [RAN1#90]
· For UL interference detection, the followings are studied:
· interference detection based on SRS or any other uplink signal
· ICIC (OI and HII)
· RSRP based interference detection
· Impact of channel reciprocity should be considered.
· Other solutions are not precluded
Conclusion [RAN1#90]
· Down select from the two RSRP statistics in RAN1#90bis for interference detection in Aerial Vehicles 
· Distance based RSRP statistics
· Geometry based RSRP statistics
· One example for distance-based RSRP statistics is given as follows: 2D-distance-based RSRP statistics

Agreed observations [RAN2#99]
· RSRP, CSI-RSRP, RSRQ, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by a UAV for some scenarios


In this contribution, we share our views on potential enhancements and measurement statistics for uplink interference detection in aerial vehicles.
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2.1 Existing Uplink Interference Detection in LTE
The measurement information in the existing LTE network to support uplink interference detection include [4] 
· RSRP/CSI-RSRP: In the existing LTE network, one UE can report RSRPs of its serving cell plus up to 8 neighbouring cells and/or CSI-RSRPs of up to 8 transmission points, where RSRP is measured based on CRS while CSI-RSRP is measured based on CSI-RS. The CRS configuration information is obtained by cell searching and the CSI-RS configuration information is configured by the network directly, where one UE can be configured with up to 96 CSI-RS configurations (i.e. up to 96 transmission points). So, the RSRP/CSI-RSRP information could be used by the network to deduct path loss to the neighbouring cells, where the UE may cause interference. 
· Power headroom and maximum output power: The power headroom information is reported by the UE and provides the differences between the configured maximum output power and the estimated power for uplink transmission. So, the network could estimate the uplink transmission power of one UE based on the power headroom information and the maximum output power information of this UE.
· Used PRBs: Besides RSRP/CSI-RSRP/uplink transmission power, the information of PRBs used by the UE is also very important to understand how much interference this UE is causing, for example using the number of PRBs and uplink transmission power to calculate the power density per PRB.
Based on these parameters above, the serving eNB can estimate the amount of power a UE is causing in neighbouring cells on certain PRBs, and then uses UL High Interference Indication (HII) specified in TS 36.423 [5] to indicate which PRBs are used for UE and likely will cause relatively high interference, or the UL Interference Overload Indicator (IOI) also specified in TS 36.423 [5], to inform the neighbouring cells of high interference experienced on certain PRBs.
Observation 1:  For UL interference detection, RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by a UE.
2.2 Uplink Interference Detection Enhancement for Aerial Vehicles
2.2.1 RSRP/CSI-RSRP-Based Uplink Interference Detection
Aerial vehicles might cause stronger uplink interference to more transmission points than the territorial UEs. The difference of uplink interference detection for aerial UEs and territorial UEs is the number of detected victim cells of one UE instead of channel reciprocity of RSRP/CSI-RSRP. Therefore, the existing mechanism in Section 2.1 could be used to support uplink interference detection for aerial UE.
Observation 2: The difference of uplink interference detection for aerial UEs and territorial UEs is the number of detected victim cells of one UE instead of channel reciprocity of RSRP/CSI-RSRP.
Observation 3:  For UL interference detection, RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by an aerial UE.
Proposal 1: Support UL interference detection for aerial UEs by RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs.
As mentioned in Section 2.1, in the existing LTE network, one UE could report RSRPs of its serving cell plus up to 8 neighbouring cells and CSI-RSRPs of up to 8 transmission points. However, one aerial UE might be involved into interference coordination with more transmission points. So, it is valuable to study if the report of RSRP/CSI-RSRP with more transmission points is needed for aerial UEs to support uplink interference detection.
Proposal 2: Study RSRP/CSI-RSRP reporting enhancement for RSRP/CSI-RSRP measurement report with more transmission points to support uplink interference detection.
2.2.2 Uplink-Reference-Signal-Based Uplink Interference Detection
Another potential solution for uplink interference detection is to use uplink reference signals (for example SRS) to get the interference strength information. To support uplink-reference-signal-based uplink interference detection, the network should identify the potential victim transmission points of one UE first and then send the configuration information of uplink reference signal of this UE to corresponding victim transmission points. Therefore, the information of potential victim transmission points still need to be identified by the network based on the information of RSRP/CSI-RSRP, power headroom and maximum output power. So, RSRP/CSI-RSRP reporting with enough cells is still basic feature to support uplink interference detection in Aerial Vehicles.
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3 Measurement Statistics for Interference Detection
The target of uplink interference detection for one UE is to find the victim transmission points of this UE for uplink interference mitigation. So, the measurement statistics corresponding to the study of uplink interference detection in this SI should be able to serve this target, i.e. 1) If the existing mechanism is enough for uplink interference detection of aerial UEs; 2) If further enhancement is needed as well as the direction to solve it. Therefore, from our point of view, this interference statistics should be able to provide the following information to support this target.
· Information #1: The maximal number for the strong victim transmission points of one aerial UE
· Information #2: The probability distribution of the number of the strong victim transmission points of one aerial UE
As observed above, RSRP/CSI-RSRP reporting with enough cells is basic feature to support uplink interference detection. So, the RSRP statistic in [6] for downlink interference detection could be used for uplink interference detection too as well as same proposal below.  
Proposal 2: Study RSRP/CSI-RSRP reporting enhancement for RSRP/CSI-RSRP measurement report with more TPs, for example 16 (neighbouring) TPs.
4 Conclusions
In this contribution, we give our views on uplink interference detection for this SI with the following observations and proposals.
Observation 1:  For UL interference detection, RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by a UE.
Observation 2: The difference of uplink interference detection for aerial UEs and territorial UEs is the number of detected victim cells of one UE instead of channel reciprocity of RSRP/CSI-RSRP.
Observation 3:  For UL interference detection, RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs can be used to estimate the uplink interference caused by an aerial UE.
Proposal 1: Support UL interference detection for aerial UEs by RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs.
Observation 4: RSRP/CSI-RSRP reporting with enough cells is still basic feature to support uplink interference detection in Aerial Vehicles compared to uplink-reference-signal-based uplink interference detection. 
Proposal 2: Study RSRP/CSI-RSRP reporting enhancement for RSRP/CSI-RSRP measurement report with more TPs, for example 16 (neighbouring) TPs.
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