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1	Introduction
In RAN#78, a new WI for enhanced aerial UE support was agreed [1]. The WID includes an objective for mobility enhancement as well as for interference detection:
	Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.



Agreement from RAN2#101 states at least for interference detection RAN2 agreed to specify measurement event related enhancement:
	Introduce new measurement event/modify existing measurement events for interference detection.



In this paper, we discuss measurement reporting enhancements related with interference detection and aerial UE being airborne.
[bookmark: _Ref178064866]2	Discussion
The technical report of the study item [2] has shown that airborne UE sees more cells than terrestrial UEs. Figures presented in [3] show that a flying UE with a probability of 0.5 can see up-to six neighbouring cells within an RSRP gap of 10dB from the serving cell. With this observation, several companies have proposed measurement triggering based on multiple cells. The two main proposal categories have been to use multiple cells’ RSRP values exceeding a threshold and the sum of detected RSRP values exceeding a threshold. All measurement reporting events tied to combination of multiple cell RSRP values delay the reporting and are not thus suitable for mobility enhancements. However, for interference detection/airborne mode detection considering multiple RSRP values seem to be needed.
2.1	Measurement enhancements based on sum of N neighbouring RSRP-values
One proposed enhancement is based on the sum of neighbouring RSRP values [4]. The method is to sum N neighbouring RSRPs and trigger the event and report the measurement if this sum is over a configurable threshold:  where .
However, this enhancement has some drawbacks. In figure 1, we show the sum of the N strongest neighbouring RSRP-values at different heights. Surprisingly, the sum of the neighbouring RSRPs does not increase with heights despite more cells being visible. This is due to a larger path loss and antenna nulls associated with being at higher heights.
[image: C:\Users\ezsedjo\NotebookWorkspace\eventA7\plots\average sum of rsrp 2.png]
Figure 1: Average sum of RSRP as function of height
Further proof of the unsuitability of using the sum of RSRP as a measure can be seen in the RSRP-snapshot of Figure 3 in the appendix. This figure shows a high interference scenario at around 5sec where the serving cell’s RSRP starts to drop and this should be signalled to the network. However, the event is not triggered at all since the neighbouring cells’ RSRP also drop. Furthermore, increasing the number of cells to be summed can be seen to not affect the behaviour, but is rather an additive constant that scales the sum. 

[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc510101918][bookmark: _Toc510741790]Due to a decreasing sum of RSRP-values at higher heights, the sum of neighbouring RSRP values is unsuitable as a measure for measurement enhancements for interference, flying-status detection or mobility.
[bookmark: _Toc510101919][bookmark: _Toc510741791]A relative measure is needed due to the decreasing RSRP-values at higher heights
2.2	Measurement enhancement based on number of cells within threshold of serving cell
As discussed in 2.1, it is rather the RSRP difference between serving and neighbouring cells that matter. Thus, a more suitable metric is the number of cells that is within a RSRP gap from the serving cell, i.e., 


Figure 2 shows the number of cells with different thresholds. It indicates that with increasing height, more cells are within the RSRP gap, i.e., it is more suitable to use for interference and flying status detection.
[image: C:\Users\ezsedjo\NotebookWorkspace\eventA7\plots\average nr of cells 3.png]
Figure 2: Average number of cells within a threshold 

In Figure 4 in the appendix, we show the RSRP-traces and the number of cells  . Here the number of cells that are within the threshold of the serving cell have shark peaks when the drone is in bad interference regions. 

[bookmark: _Toc510598912][bookmark: _Toc510703752][bookmark: _Toc510598913][bookmark: _Toc510703753][bookmark: _Toc510101920][bookmark: _Toc510741792]Number of cells within a configurable threshold is a suitable metric to use for flying-status and interference detection at higher altitudes. 

: 
[bookmark: _Toc506494276][bookmark: _Toc510741795]Introduce a new triggering condition: measurements from multiple neighbor cells are within a gap from the serving cell.
[bookmark: _Toc510703757]
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3             Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to a decreasing sum of RSRP-values at higher heights, the sum of neighbouring RSRP values is unsuitable as a measure for measurement enhancements for interference, flying-status detection or mobility.
Observation 2	A relative measure is needed due to the decreasing RSRP-values at higher heights
Observation 3	Number of cells within a configurable threshold is a suitable metric to use for flying-status and interference detection at higher altitudes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a new triggering condition: measurements from multiple neighbor cells are within a gap from the serving cell.
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Appendix A: RSRP-traces
In this appendix we present some results of the RSRP-traces of the measures for reporting enhancements for interference and flying status detection as described in section 2.1 and 2.2
[image: C:\Users\ezsedjo\NotebookWorkspace\eventA7\plots\average sum of rsrp snapshot 2 ver2.png]
Figure 3. RSRP-trace of a drone at 100m height, UMa scenario
Figure 3 shows the measure Sum of Rsrp with N = 2, 4 and 6, as well as the RSRP-values of serving cell and neighbouring cells.


[image: C:\Users\ezsedjo\NotebookWorkspace\eventA7\plots\average nr of cells snapshot 3 ver3.png]
Figure 4. a) RSRP-trace of a drone at 100m height, b) number of cells within a threshold
Figure 4a shows the RSRP-trace of the of the serving cell and its neighbouring cells and 4b shows the number of cells within a threshold from the serving cell, in this case with threshold of 1 and 2 dB.  

Appendix B: Simulation parameters
[bookmark: _GoBack]The simulation parameters used mostly conform to TR 36.777, with the exception of configurable parameters, such as
· A3 measurement with 0.5 dB offset.
· 100 users instead of 855 users.
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