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Introduction
In this paper, we discuss enhancements to existing measurement reporting mechanisms in relation to the following work item description:
	· 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.


[bookmark: _Ref178064866]Discussion
Interference/flying-status detection
The technical report of the study item [1] has shown that for flying UEs more cells can be detected at the UE.  For example, the following figure shows the CDF of the RSRP gap of Nth neighbour cell where RSRP gap of Nth neighbour cell is defined as RSRP of serving cell minus RSRP of Nth neighbour cell. 
[image: ]
Figure 1 RSRP gap for terrestrial UE for UMa on ground [1]
[image: ]
[bookmark: _Ref505676611]Figure 2 RSRP gap for aerial UE for UMa at 50m [1]
As Figure 1 and Figure 2 show, a flying UE can see more neighboring cells within a smaller range from the serving cell compared to a terrestrial UE. For example, Figure 2 shows 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. This can be a valuable information for the network to detect that the UE might be flying and help in interference detection. We could introduce a new triggering event that consider measurement results from multiple neighbor cells. 
One enhancement could be that a measurement report is triggered if the measurements from multiple cells are within a gap from the serving cell. 
[bookmark: _Toc506215329][bookmark: _Toc506215351][bookmark: _Toc506408574][bookmark: _Toc506494262][bookmark: _Toc506494280][bookmark: _Toc506494312]One measurement reporting enhancement can be a new triggering condition: measurements from multiple neighbor cells are within a gap from the serving cell.
[image: ]
[bookmark: _Ref505761712][bookmark: _Ref505761709]Figure 3 RSRP trace for each cell (denoted by different colored curves) of an aerial UE. 
Also Figure 3 shows that for a flying UE it can see multiple cells with similar signal strengths. The other enhancement hence could be that a measurement report is triggered if the measurement from multiple cells are within a threshold from a reference value as shown by Figure 3.
[bookmark: _Toc506215330][bookmark: _Toc506215352][bookmark: _Toc506408575][bookmark: _Toc506494263][bookmark: _Toc506494281][bookmark: _Toc506494313]One measurement reporting enhancement can be a new triggering condition: measurements from multiple neighbour cells are within a threshold from a reference value.

As UE flies, it might see a faraway cell. This can also be a valuable information for the network to detect that the UE might be flying. Thus, a new triggering condition can be introduced: UE triggers a report when triggering conditions are met for a certain cell. These certain cells may be any cell which in general are not seen by a UE on a low altitude/not flying and hence if the UE triggers a report it may be an indication that the UE is on higher altitude/are flying. 
[bookmark: _Toc505678477][bookmark: _Toc505763498][bookmark: _Toc505861974][bookmark: _Toc506215331][bookmark: _Toc506215353][bookmark: _Toc506408576][bookmark: _Toc506494264][bookmark: _Toc506494282][bookmark: _Toc506494314]It can be useful if UE triggers a report when triggering conditions are met for a certain cell. 
It has been mentioned that an A4 event, i.e., neighbor becomes better than threshold, can be used for this. The threshold of this A4 event should be small and since A4 event is defined for all neighboring cells, this triggers a lot of unnecessary reports from the nearby cells. 
Thus, a blacklist should be used where the UE triggers a report when conditions are fulfilled for cells other than the cells in the blacklist. The blacklist in the current specification applies for a frequency/measurement object, it would be useful to define it in a report configuration allowing that the UE use different blacklists for different report configurations.
Similarly, a whitelist can be used, and it should be in the report configuration. 
[bookmark: _Toc506494265][bookmark: _Toc506494283][bookmark: _Toc506494315][bookmark: _Toc506215332][bookmark: _Toc506215354][bookmark: _Toc506408577]One measurement reporting enhancement can be to introduce blackListCells and whiteListCells in report configuration. 
It was commented during email discussion in Study Item that the network needs to configure “blackedListCells” when UE changes serving cells and that might introduce overheads. However, after handover the network anyhow needs to send RRC re-configuration, and this does not introduce extra overheads.

[bookmark: _Hlk505862516]To support interference/flying-status detection, RAN2 should adopt one of the alternatives on measurement reporting mechanisms: 
[bookmark: _Toc506494275]RAN2 adopt one of the alternatives on measurement reporting enhancements:
a. [bookmark: _Toc506494276]Introduce a new triggering condition: measurements from multiple neighbor cells are within a gap from the serving cell.
b. [bookmark: _Toc506494277]Introduce a new triggering condition: measurements from multiple neighbour cells are within a threshold from a reference value.
c. [bookmark: _Toc506494278]Introduce blackListCells and whiteListCells in report configuration.
Control the amount of measurement reporting
In LTE measurement reporting, when the event entry condition is satisfied by a cell, the cell is added to cellsTriggeredList and the measurement of these cells in the list is reported. When the event leaving condition is triggered, the cell is removed from the list. Due to the fact that many more cells can be observed (see above figures), the probability that a particular event is consecutively triggered in time is also increased. In such cases, UE might have excess measurement reporting where for each triggered event UE sends the measurement report with all cells in cellsTriggeredList. 
For example, the network may configure an A4 event with a low threshold value to measure UL/DL interferences to/from neighboring cells and potentially identify a flying UE. Further, an A3 event with a negative a3-offset may also be used to identify a flying UE. Note that, the range of a3-offset is from -30 to 30.  
Thus, the objective of “control the amount of measurement reporting“ is mentioned in WI. One proposed way is to trigger a measurement reporting if the sum of the measurements of neighbouring cells is larger than a threshold. However, there are a couple of drawbacks of this method. For example, it might delay the reporting, since it needs to wait for the summation over a threshold. Also, it might trigger unnecessarily events for the case that there are only a small number of cells with strong RSRP values.
[bookmark: _GoBack]A more proper way is to define a prohibit timer which prevents sending the measurement reports for a configurable time after the event has been triggered. The prohibit timer is associated to the reporting configuration. This method can control the amount of measurement reporting, also at the same time it enables timely reporting when the event is triggered first time. 
[bookmark: _Toc506494279]Introduce a prohibit timer in reporting configuration: UE is prevented from sending the measurement report for a configurable time after the event is triggered. 

Conclusion
In section 2 we made the following observations:
Observation 1	One measurement reporting enhancement can be a new triggering condition: measurements from multiple neighbor cells are within a gap from the serving cell.
Observation 2	One measurement reporting enhancement can be a new triggering condition: measurements from multiple neighbour cells are within a threshold from a reference value.
Observation 3	It can be useful if UE triggers a report when triggering conditions are met for a certain cell.
Observation 4	One measurement reporting enhancement can be to introduce blackListCells and whiteListCells in report configuration.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 adopt one of the alternatives on measurement reporting enhancements:
	a. Introduce a new triggering condition: measurements from multiple neighbor cells are within a gap from the serving cell
	b. Introduce a new triggering condition: measurements from multiple neighbour cells are within a threshold from a reference value.
	c. Introduce blackListCells and whiteListCells in report configuration.
Proposal 2	Introduce a prohibit timer in reporting configuration: UE is prevented from sending the measurement report for a configurable time after the event is triggered.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref505610477][bookmark: _Ref174151459][bookmark: _Ref189809556]TR 36.777, Enhanced LTE support for aerial vehicles
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