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Introduction
In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The objective of the study is to investigate the ability for aerial vehicles to be served using LTE network deployments with base station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. In SI, two objectives were listed related to inference caused by drones using LTE network as below:

· Identify potential enhancements to LTE so that it is better suited to provide connectivity and positioning services to drones in the identified deployment scenarios. The study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells [RAN1, RAN2]



[bookmark: _Hlk490157408]Related agreements from RAN2#98 meeting:

Agreements:
1	Both command and control and application data of drones using LTE connectivity are within the scope of the SI. The traffic characteristics are FFS.
2	Potential enhancements for aerial vehicles in RRC idle and connected modes will be considered.
Agreements:
1 Study if RSRP measurement report can be used for detecting both UL interference from air-borne UE and the DL interference air-borne UE might incur. Other solutions are not excluded.
Agreements
1	Study the enhancement of measurement report mechanism to address the issue of  increased number of strong neighbour cells.

In RAN2#99, RAN2 continued to discuss different observations and proposals related to interference detection and concluded to have an email discussion [5] in order to collect observations and solution proposals from companies. 
In this contribution, we discuss the SI objectives related to the objective including RAN2 involvement taking into account existing agreements
On capturing interference detection observation and proposals in the TR

The email discussion [5] collected a large number of observations and proposals which where categorized according to subtopic with an attempt to combine similar observations and solutions as one. Even after the first categorization and combining it seems there is still room to try to compress. Further, the detailed observations related to specific simulation results should be captured with the results after concluding specific results are to be captured.

[bookmark: _Toc494408818]Attempt to further combine and compress observations and solutions to be captured.

There were a number of network based solutions with and without standard impact stated. As the standard impact is out of scope of both RAN1 and RAN2 we propose to combine these to a general statement on possible network coordination without stating whether there is or is not possible the standard impact.  

[bookmark: _Toc494408819]Combine all network based solutions to a general statement on possible network coordination without stating whether there is or is not possible the standard impact.

Observation on RAN1 RSRP statistics 

In the previous contribution [3], we discussed various scenarios under which the interfering UE could be detected in the network. In this section, we will discuss in detail how RSRP statistics can be used to detect the interference.
One of the measurement that can aid interference detection is to measure the signal strength head room (gap) between the serving cell and the interfering cell. This UE measurement can be used at the BS to access whether the UE is generating interference or nor. This is further illustrated below.
To understand how the RSRP gap between the serving cell and the n-th strongest neighbour cell varies with height and distance, we performed simulations with 100% aerial UEs, where UEs are deployed radially across the base stations with a constant 2D distance,  and constant height, . With the above described deployment, the RSRP gap between the serving cell and the n-th strongest neighbour cell is captured at different height and 2D distance for UMa scenario.
0. RSRP Gap Analysis – UMa
The variation of RSRP gap with the n-th strongest interferer (n=1 3 5 7 9) for a fixed height () and distance () is shown in Figure 1 and Figure 2.


Figure 1 : Variation of RSRP gap of the n-th strongest interferer to the serving cell with  m

Figure 2: Variation of RSRP gap of the n-th strongest interferer to the serving cell with  m
From Figures 1 and 2, it can be observed that at low altitude, the gap between serving cell and n:th strongest interferer increases when n increase but at 50m and 300m heights, the RSRP gap remains more constant. This indicates that the signal strength between the n=1..9 interferers is more equal at higher altitudes. Further, the gap to the serving cell is smaller at higher altitude. 

1. [bookmark: _Toc494410175]The RSRP statistics verify the observation that a UT at higher altitude sees more interferers with signal strength close to serving cell than a ground UE. 




Conclusions
[bookmark: _GoBack]In this contribution, we discussed the interference detection and have the following conclusions and proposals: 
[bookmark: _Toc477953422][bookmark: _Toc477953496][bookmark: _Toc477953539]

Observation 1	The RSRP statistics verify the observation that a UT at higher altitude sees more interferers with signal strength close to serving cell than a ground UE.

Proposal 1	Attempt to further combine and compress observations and solutions to be captured.
Proposal 2	Combine all network based solutions to a general statement on possible network coordination without stating whether there is or is not possible the standard impact.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref477774264]RP-170779, “New SID on Enhanced Support for Aerial Vehicles,” NTT DOCOMO INC, Ericsson.
[bookmark: _Ref494388379]R2-170xxxx, Summary of email discussion [99#37][LTE/UAV] DL and UL Interference detection, Docomo
[bookmark: _Ref494406929]R2-1708662, “Potential enhancements for UAV interference problem”, Ericsson, Berlin, RAN2#99, August 2017
h=1.5,d=83	1	3	5	7	9	16.745999999999999	33.997	41.212000000000003	46.686	52.161999999999999	h=50,d=83	1	3	5	7	9	2.1200999999999999	4.8672000000000004	7.0766	9.1044999999999998	11.077999999999999	h=300,d=83	1	3	5	7	9	0.94713000000000003	4.5358000000000001	6.7443	8.1798000000000002	10.507	nth strongest interferer


RSRP gap in dB




h=1.5,d=166	1	3	5	7	9	16.745999999999999	33.997	41.212000000000003	46.686	52.161999999999999	h=50,d=166	1	3	5	7	9	2.1200999999999999	4.8672000000000004	7.0766	9.1044999999999998	11.077999999999999	h=300,d=166	1	3	5	7	9	0.94713000000000003	4.5358000000000001	6.7443	8.1798000000000002	10.507	nth strongest interferer


RSRP gap in dB




	3/4	
