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1 Introduction

A new WI on Enhanced Support for Aerial Vehicles was approved at RAN#78 [1], following conclusion of a SI on the same topic [2]. The Objective of the WI includes the following element:
	· 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.

· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.

· 


This contribution proposes enhancements to the measurement reporting to improve interference detection and discusses other possible measurement enhancements to control the amount of measurement reporting and improve mobility performance.
2 Enhancements for Interference detection
As described in [2], an air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground. For an aerial vehicle well above the BS antenna height, the UL signal from the aerial vehicle becomes more measurable at multiple cells due to LOS conditions. The UL signal from an aerial vehicle increases interference at the neighbour cells, correspondingly degrading key performance metrics to the terrestrial UEs. 

During the Study phase, it was observed by several companies that not all significantly interfered cells may be included in a measurement report from the UE, as the number of cells with strong measurement results (e.g. RSRP) can easily exceed the maximum number of measurement results that can be included in a report in current specification, i.e. 8. Therefore, one natural enhancement that can be considered is to increase the limit to a larger number, such as 16 or 32.

Increasing the limit allows the network to get more information about the set of cells that may potentially be interfered, but it comes at the price of overhead and latency. Furthermore, it can be considered that when it comes to interference detection, the most important is not necessarily to obtain the set of all cells that can be interfered but rather the cells for which the path loss to the UE is the lowest. This is because the most efficient remedy to excessive interference to the network is to decrease the maximum transmission power of the UE, and by decreasing this to an acceptable level for the cell with the lowest path loss also results in an acceptable (better) interference level for all other neighbour cells.
Observation 1: For the purpose of uplink interference detection, the most relevant measurement results are those corresponding to cell(s) that have the lowest path loss to the UE.
According to 36.331 section 5.5.5, the UE includes measurement results of the “best” neighbouring cells up to maxReportCells:

	[…]

For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:

1>
[…]
1>
if there is at least one applicable neighbouring cell to report:

2>
set the measResultNeighCells to include the best neighbouring cells up to maxReportCells in accordance with the following:
3>
[…]


The metric used for determining the “best” neighbouring cells in the above naturally corresponds to the measurement quantity, e.g. RSRP or RSRQ.

If all eNBs detected by the UE use the same transmission power, including the results with the highest RSRP in the report also provides the network with the results corresponding to the lowest path losses.

On the other hand, in practical deployments RF planning may be such that eNBs in a given geographic area do not all transmit with the same power. An obvious scenario where this would also apply is for same-frequency hetnet deployments. This can be illustrated with the following numerical example:

	Cell
	Tx power (dBm)
	Path loss (dB)
	RSRP (dBm)

	1
	43
	106
	-63

	2
	43
	106
	-63

	3
	43
	107
	-64

	4
	43
	107
	-64

	5
	43
	108
	-65

	6
	43
	108
	-65

	7
	43
	109
	-66

	8
	43
	109
	-66

	9
	37
	105
	-68


In this example, Cell 9 would not be included in the measurement report since its RSRP is not among the 8 highest values. However, Cell 9 is the most interfered since its path loss is the smallest. Therefore, the measurement report does not contain the most relevant information for UL interference detection.

Observation 2: In deployments with unequal eNB transmission power, the most interfered cell may be missing from the report if measurement results with best RSRP are included.
To ensure that the cell(s) with the lowest path loss is included in the report the criterion for inclusion of measurement results in the report should be based on path loss instead of the measurement quantity (e.g. RSRP). This requires that the UE is informed about the transmit powers (or relative transmit powers) corresponding to each cell. One possibility would be that the UE attempts to autonomously acquire the transmit powers by reading the SIBs of the neighbour cells, but this would increase latency, power consumption and overall performance. An easier solution would be that the network provides the necessary information to the UE.

Proposal 1: The UE obtains information required for path-loss-based ranking by RRC configuration.

The information could consist of the transmission powers (in dBm) but given that the range of possible values for the eNB transmission power is limited, it may be more efficient and sufficient to provide a value for each cell that represents the difference to the highest transmission power among cells. For example, if in a deployment the highest transmission power is 43 dBm and the lowest is 33 dBm, providing an offset ranging from 0 dB to 10 dB is sufficient to provide the necessary information.

Proposal 2: The UE can be configured (by RRC) with a value (TxPowerOffset) for every neighbour cell. The TxPowerOffset represents the difference in transmission power of the cell compared to the highest transmission power.

In the above example, the network would inform (configure) the UE that the applicable TxPowerOffset is 0 dB for Cells 1 to 8 and 6 dB for Cell 9. To achieve path-loss-based ranking, the UE simply adds the TxPowerOffset to the RSRP value before ranking the results that will be included in the measurement report. The value of TxPowerOffset+RSRP for Cell 9 would be -62 dBm which is higher than for other cells, ensuring that the result for Cell 9 is included.

Proposal 3: The UE includes the best neighbouring cells up to maxReportCells, where the ranking is by order of (RSRP+TxPowerOffset).
3 Other measurement enhancements
The larger number of detected cells by a aerial UE may also cause excessive triggering of measurement reports as noted during the Study phase, e.g. [4]. Several solutions were proposed, such as imposing a minimum number of cells satisfying the trigger condition before sending a measurement report. However, this may incur the risk that a critical measurement report (say a neighbour cell that has suddenly become very strong) is delayed too much. 

A related issue is that a UE may trigger a measurement report due to “change of best cell” because a neighbour cell (possibly far away) becomes temporarily stronger than the serving cell, resulting in spurious handovers.

There is potential for improving performance with respect to the above issues if the network could be made aware of the flight plan of the UAV and predict the group of cells that should serve the UE along its path and/or be subject to sustained interference. 

Assuming that the information would be available, the network could configure different offsets and/or time-to-trigger parameters for event-triggering depending on whether a neighbour cell is part of this group or not. The current measurement reporting framework can already largely support the required functionality. For example, it is possible (since R12) to configure an alternative time-to-trigger parameter for a configured set of cells of a measurement object. It is also possible to configure individual cell offsets, although the resulting signalling overhead for a large group of cells may become high. Some optimizations to address this could be considered, for example allowing configuration of a single offset value for a group of neighbour cells. 

Proposal 4: Consider enhancements to reduce signalling overhead with large number of configured neighbour cells.

4 Conclusion

This contribution proposes enhancements to the measurement reporting to improve interference detection and discusses other possible measurement enhancements to control the amount of measurement reporting and improve mobility performance.

Proposal 1: The UE obtains information required for path-loss-based ranking by RRC configuration.

Proposal 2: The UE can be configured (by RRC) with a value (TxPowerOffset) for every neighbour cell. The TxPowerOffset represents the difference in transmission power of the cell compared to the highest transmission power.

Proposal 3: The UE includes the best neighbouring cells up to maxReportCells, where the ranking is by order of (RSRP+TxPowerOffset).
Proposal 4: Consider enhancements to reduce signalling overhead with large number of configured neighbour cells.
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