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1
Introduction
In [1], it is agreed to study the potential handover enhancement in RAN1 and RAN2 in order to support aerial vehicle in LTE:
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
In this contribution, we mainly focus on the measurement challenges in LTE-supported aerial vehicle handover, and give some potential solutions. This contribution is structured as follows:
· Section 2 explains the measurement challenges for aerial vehicle, and gives potential solutions for the corresponding challenges. 
· Section 3 addresses the concern of PCI collision issue in aerial vehicle handover.
· Section 4 concludes the contribution.

2
Challenges and solutions for aerial UE handover 
RAN1 and RAN2 decide to study if any potential handover enhancement is required in order to support aerial vehicle in LTE. According to our understanding, the challenges for aerial UE handover mainly result from the high height and high speed of the aerial UE. So, in this section, we will address these challenges and the corresponding solutions.
2.1 Neighbor cells
In LTE, terrestrial UE (legacy UE) needs to measure the neighbor cells before handover. As shown in Figure 1, TUE is a terrestrial UE in its serving cell O. When move to the edge of cell O, TUE may start measuring the neighbor cells of cell O, such as a1, a2, a3, … , a6. Once the handover decision is made, TUE in Figure 1 may handover from cell O to cell a3, for example. During the next handover, TUE may handover from cell a3 to cell b4, for example.
However, this handover procedure may not work very well for aerial UE, since aerial UE is normally flying at a high height and at a high speed. And it is already observed by some companies that more neighbor cells can be detected when aerial UE is flying a higher height. This means that aerial UE may have to make many more neighbor cell measurements than terrestrial UE (legacy UE). More particularly, apart from the geographical neighbor cells of the serving cell, aerial UE that is flying at a certain height can observe more “extended neighbor cells”. For example, as illustrated in Figure 1, aerial UE1 is flying above Hight1, while aerial UE2 is flying above Height2. Here, Height2 > Height1. In this case, aerial UE1 can not only measure neighbor cells of serving cell O, a1, a2, a3, … , a6, but also can measure “extended neighbor cells”, such as b1, b2, …, b12. Likewise, aerial UE2 may measure cells a1, a2, a3, … , a6, cells b1, b2, …, b12, and cells c1, c2, …, c18.
Owing to this, it is possible for aerial UE to make more S1 handover instead of X2 handover, resulting in a more efficient and less frequent handover. For example, aerial UE1 may directly handover from cell O to cell b4, rather than handover from cell O to cell a2 first, then handover from cell a2 to cell b4.
Observation 1: Aerial UE can detect more neighbour cells than terrestrial UE (legacy UE) and is possible to make efficient handover.
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Figure 1. Aerial UE observes more neighbour cells than terrestrial UE (legacy UE)
Since aerial UE will “see” more cells, it is reasonable for eNB to configure more cells for aerial to measure and to report. Currently, the maximum number of cells that UE can report is 8. However, due to the large number of cells that aerial UE can detect and measure, it is required that aerial UE reports more measurement results. Therefore, we think that maxCellReport should be enlarged for aerial UE measurement report.
Proposal 1: maxCellReport should be enlarged for aerial UE measurement report.
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Figure 2. Reduction in number of measured cells according to flying path estimation
Moreover, some optimization may be applied in order to reduce the number of cells that aerial UE has to measure while flying at a high height. As the Aerial UE1 shown in Figure 1, for example, it does not have to measure cells b9, b10, b11, or cells c13, c14, c15, since it is moving to the right. Owing to this, the cells that Aerial UE2 needs to measure are depicted in Figure 2. More particularly, this optimization may be realized by reusing VisitedCellInfoList and mobilityStateParameters in LTE.
Proposal 2: The number of cells that aerial UE needs to measure may be optimized/reduced with the assistance of VisitedCellInfoList and mobilityStateParameters in LTE.
2.2 Frequent measurement report
According to discussion in Section 2.1, aerial UE will and had better detect more cells for efficient handover. It is clear that the more cells that aerial UE measures, the more measurement results that aerial UE reports. This may result in more frequent measurement reports and signalling overhead, if legacy report configuration is still used in aerial vehicle communications. Therefore, the report configuration may be enhanced. Some possible options are listed as follows.
Option 1: Parameters in measurement report configuration is aerial UE specific.
Owing to the LoS propagation conditions, aerial UE may detect some cells with good qualities and trigger the measurement report accordingly. Therefore, the parameters in report configurations, e.g. hysteresis, threshold, report interval, may need to be optimized and/or to be aerial UE specific.
Option 2: New criteria(s) is (are) introduced for aerial UE’s measurement report. 

In order to avoid the frequent measurement report, some new criteria(s) may be introduced. For example, a number NumofReport can be defined. When the number of measurements that fulfil the report configuration is equal to or bigger than NumofReport, aerial UE can trigger the report and report these measurement results simultaneously.
Proposal 3: In order to reduce measurement report overhead, report configuration may need to be aerial UE specific, and/or new criteria(s) may need to be introduced.
2.3 Height state
We have discussed that handover procedure for aerial UE may need to be enhanced, especially for aerial UE that is flying above a certain height. In this section, we would like to propose that both aerial UE and eNB may need to be aware of the height state of the aerial UE, in order to facilitate efficient handover. For example, with awareness of the height state of the aerial UE, eNB is able to configure proper candidate cells that aerial UE can measure, and/or eNB is able to configure optimized report configurations.
Some options that how aerial UE and eNB can be aware of the height state are listed as follows.

Option 1: Define a new parameter, heightStateParameters.

In LTE, mobilityStateParameters is defined in order to adjust the parameters configured in the measurement report configuration, e.g. timeToTrigger. Likewise, we think a similar parameter, heightStateParameters, can be defined for aerial UE. In this way, according to its flying height, the aerial UE can classify itself into high height state, medium height state, or normal height state. Using the factors corresponding to the height state, aerial UE can adjust the measurement report configurations accordingly. 
Option 2: Define a new parameter heightThreshold.
A heightThreshold parameter may be defined. So, whenever aerial UE is above or below this heightThreshold, the height report is triggered. Having received the height report from aerial UE, eNB can the aerial vehicle specific measurement configurations, e.g. candidate cells, report configurations, etc..

Note that this heightThreshold may be preconfigured, or configured by eNB through SIB/RRC signalling. Meanwhile, note that this heightThreshold may refer to a set of height thresholds.
Proposal 4: Both aerial UE and eNB should be aware of the height state of the aerial UE by defining new parameters, such as heightStateParameters or heightThreshold.
3
PCI collision
We notice that this PCI collision issue is already raised some companies’ contributions [2]. We also have similar concern that this issue should be taken into account, since a large number of cells can be detected by aerial UE that is flying at a high height. Some mechanisms, such as ICIC/eICIC/FeICIC, are being discussed in RAN1. FeICIC may solve the PCI collision problem as that in legacy LTE. However, the traditional solutions may require more coordination operations among eNBs, which may result in unacceptable latency and heavy X2 traffic. As a result, we suggest that RAN2 send an LS to RAN1 to address this concern.
Proposal 5: RAN2 is encouraged to address the concern of PCI collision issue by sending an LS to RAN1.
4
Conclusion
In this contribution, we discussed the. Based on discussions we propose:
Observation 1: Aerial UE can detect more neighbour cells than terrestrial UE (legacy UE) and is possible to make efficient handover.
Proposal 1: maxCellReport should be enlarged for aerial UE measurement report.
Proposal 2: The number of cells that aerial UE needs to measure may be optimized/reduced with the assistance of VisitedCellInfoList and mobilityStateParameters in LTE.
Proposal 3: In order to reduce measurement report overhead, report configuration may need to be aerial UE specific, and/or new criteria(s) may need to be introduced.
Proposal 4: Both aerial UE and eNB should be aware of the height state of the aerial UE by defining new parameters, such as heightStateParameters or heightThreshold.
Proposal 5: RAN2 is encouraged to address the concern of PCI collision issue by sending an LS to RAN1.
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