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1. Introduction

In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The study item will 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). One of the aspects for potential LTE enhancement is as following:
· 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 RAN2#99 meeting, following observations were agreed:
Agreed observations:

1 The RSRP and RSSI characteristics of aerial vehicles in the air are different from terrestrial vehicles.

2 The downlink interference could be detected by RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI reporting from UE to eNB.

3 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 will further discuss the potential enhancements for measurement triggering and report mechanism, considering RRM measurement is used for interference detection.
2. Discussion
According to RAN2#99 meeting agreed observations, RSRP/RSRQ can be used for interference detection, which means RRM measurement mechanism can also be reused. If RRM measurement is used for DL/UL interference detection for aerial UE, event A4 can be used to find potential neighbor cells that causing or suffering interference. Because of LOS propagation between aerial UE and neighbor cell, aerial UE can detect much more strong neighbor cells than terrestrial UEs [2]
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 \* MERGEFORMAT [3], which will cause more triggering cells in one measurement report, and cause frequent measurement report triggering.
2.1 Using existing tools white/black cell list

To solve above issues, one solution is to directly reuse white/black cell list in current measurement configuration, so that the measured cell number by UE can be controlled by eNB, which means reported cell number can also be controlled by eNB. White cell list is originally designed for carrier aggregation, so that to allow the network operator to restrict A4 and A6 event-triggered measurement reporting to cells of the serving eNB only [9]. One straightforward thinking is to reuse such rules for aerial scenario, to restrict the measured and reported cell number for aerial UEs. For example, white cell list can restrict the measurement reporting to limited number of aerial cells, which can control the reported cell number and triggered cell number to certain degree. However, one problem of directly reuse white cell list is that eNB cannot directly determine which neighbor cell is necessary to be measured and which neighbor cell has high interference, which may omit the measurement for high interference neighbor cells. Thus we think directly reuse white cell list for aerial UE is not enough.
Observation 1: Directly reuse white cell list for aerial scenario is not enough
2.2 Potential enhancements for event triggering

To solve the problem of frequent measurement report triggering, multi-cell trigger scheme were proposed in last meeting to enhance the event trigger of measurement report, so that measurement report triggering will be less frequently [5]
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 \* MERGEFORMAT [6]. This solution suggest that the measurement report will not be sent whenever ONE cell satisfies the event, but instead after a configured number of cells satisfy the event. By such solution, measurement report trigger number can be reduced, but there exists the problem that the measurement report shows there has larger interference but cannot be transmitted to eNB because of the number of applicable cells does not reach the required threshold at the same time. 
To solve such issues, a max measurement report delay concept was introduced in [7], that if the timer expires the measurement report should be triggered no matter how many cells fulfilled the condition. However, by this rule, actually all measured cells will be reported, which didn’t reduce the number of trigger number and eliminate the pros of multi-cell trigger scheme. Besides, extra delay is introduced when the number of cells that satisfy the event didn’t reach the configured number of cells.
In [8], a new trigger event is suggested to be introduced, to sum the measurement results of the neighboring cells to trigger the UE sends measurement report to the network. No more details were provided, but by our understanding, this solution can sum the total power from all measured neighbor cells, when the sum of the power exceed the configured threshold, the measurement report will be triggered. The sum of the power will reflect the interference situation more directly, and such solution has no issue that resides in multi-cell trigger scheme, and does not introduce extra delay as the max measurement report delay scheme. The solution can reduce the measurement report trigger number but the reported cell number still very large if measured cells are all reported. To control the number of reported cell number, it can be defined that only those cells whose RSRP fulfill a configured threshold can be reported, and these cells are more valuable for doing interference mitigation by serving cells because of high interference.
Above three solutions can be summarized in the below table

Table 1 Potential enhancements summary for measurement report triggering

	No.
	Name
	Solution Description
	Pros
	Cons

	#1
	Multi-cell Trigger [5]
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 \* MERGEFORMAT [6]
	Measurement report is not triggered unless configured number of cells satisfy the event
	1. reduce measurement trigger number

2. when configured cell number fulfills the event, the measurement results can be reported immediately
	1. if one or more cells has strong RSRP and interference but the number of cells doesn’t reach the configured cell number, report cannot be triggered

2. Cannot reflect the total interference from neighbor cell directly

	#2
	Multi-cell Trigger + Timer [7]
	Besides solution#1, after the timer expires, the measurement report should be triggered no matter how many cells fulfilled the condition
	1. reduce measurement trigger number

2. when configured cell number fulfills the event, the measurement results can be reported immediately

3. All measured cells results can be reported
	1. The measurement trigger number does not reduced

2. extra delay is introduced when the number of cells that satisfy the event didn’t reach the configured number of cells
3. Cannot reflect the total interference from neighbor cell directly

	#3
	New trigger event to sum results [8]
	New trigger event is suggested to be introduced, to sum the measurement results of the neighboring cells to trigger the UE sends measurement report to the network
	1. reduce measurement trigger number

2. The sum of total power from neighbor cells can directly reflect the interference

3. No matter how many cells fulfill the event, report can be triggered

4. No extra delays
	1. Reported cell number could large if measured cells are all reported

	#4
	New trigger event to sum results + Limit cell report
	Besides solution#3, introduce a threshold for reported cells, i.e. only those cells fulfils the threshold can be reported
	1. Same as solution#3

2. Reported cell number can be controlled
	None


By above analysis, we think solution#4 is a promising way for potential enhancements of measurement report triggering, thus we have the following proposal:
Proposal 1: Suggest RAN2 consider solution#4 (New trigger event to sum results + limit report cells) as one potential enhancements and captured in the TR
2.3 Potential enhancements for measurement report
Currently one measurement report is limited to contain maximally 8 cells results [4]. Thus, frequently measurement report will be happened which will result in signaling overhead and power consumption. To solve such problem, extension of current measurement schemes is needed, and following two enhancements can be considered
1. Extend max number of cells in one measurement report
2. Define specific TTT value for aerial UE

Extension for max number of cells in one measurement report

Max number of cells that in one measurement report can be extended, then one measurement report can contain more cell’s results so that measurement report number can be decreased. Three options can be considered:

· Option 1: directly extend the value of maxCellReport
· Option 2: define a new parameter e.g. maxCellReportforAerial with larger value than maxCellReport
· Option 3: create a new scaling factor SFAerial for aerial, and for measurement report of aerial, it can use maxCellReport multiply SFAerial to realize the extension
Proposal 2: Extend max number of cells in one measurement report for aerial scenario, and consider above options 
Define specific TTT value for aerial UE

Consider the RRM measurement is for interference detection instead of handover, moderate delay can be accepted. With a larger TTT value for aerial UE, more cells can be included in one measurement report. However, TTT is event-specific and only one TTT value can be indicated for A4 event. Except for interference detection, A4 can be also used for load balance purpose, thus it is necessary to create a specific TTT value for aerial UE. Two options can be considered:
· Option 1: define a new parameter e.g. timeToTriggerforAerial specifically for aerial scenario
· Option 2: create a new scaling factor SFAerial for aerial, and for measurement report of aerial, it can use timeToTrigger multiply SFAerial to realize the extension
Proposal 3: Define specific TTT value for aerial UE for aerial scenario, and consider above options 
Above two methods can be used together for aerial UE. With larger TTT value, more cells can be detected and reported when TTT expires. With extended max cells number for measurement report, all detected cells results can be included into one measurement report instead of multiple measurement reports, so that extra measurement report signalling and power consumption for aerial UE can be saved.

Proposal 4: Use above two methods in proposal 2 and proposal 3 together for RRM measurement enhancement of aerial UE

3. Conclusion

In this contribution, we discuss the potential enhancement for measurement triggering and report mechanism, and have following observation and proposals
Observation

Observation 1: Directly reuse white cell list for aerial scenario is not enough

Proposals

Proposal 1: Suggest RAN2 consider solution#4 (New trigger event to sum results + limit report cells) as one potential enhancements and captured in the TR

Proposal 2: Extend max number of cells in one measurement report for aerial scenario, and consider above options 

Proposal 3: Define specific TTT value for aerial UE for aerial scenario, and consider above options 

Proposal 4: Use above two methods in proposal 2 and proposal 3 together for RRM measurement enhancement of aerial UE
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