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1
Introduction
This contribution is revised from R2-1803138. In [1], it is stated that

· 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.

In [2], it is concluded that 
4)
On mobility

As shown by simulation and field trial results, in some scenarios the mobility performance (e.g., Handover Failure, RLF, handover interruption, time in Qout, etc.) of Aerial UE is worse compared to a Terrestrial UE. DL and UL interference mitigation techniques listed above are expected to improve the mobility performance for Aerial UEs. A better mobility performance is observed in rural area networks compared to urban area networks.
Additionally, existing handover procedures can be enhanced to improve the mobility performance. Identified solutions are captured in Section 7.4 and include the following:

-
mobility enhancement of handover procedure and/or handover related parameters for Aerial UEs, based on information such as location information, UE’s airborne status, flight path plan, etc.

-
enhancing measurement reporting mechanism, e.g., by defining new events, enhancing triggering condition, controlling the amount of measurement reporting, etc.

In this contribution, we mainly focus on the enhancement for LTE-supported aerial vehicle handover. 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 proposes to define two new parameters in order to support aerial UE operation.
· Section 4 concludes the contribution.

2
Potential enhancements 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 altitude and speed of the aerial UE. So, in this section, we will address these challenges and the corresponding solutions.
2.1 Increased number of neighbor cells
In Section 7.5.1.2 of [2], some network-based solutions for detecting air-borne UE are proposed, “Network may be able to detect an air-borne UE based on mobility history report/pattern. A flying UE may have different handover characteristics, e.g., less frequent handover, faraway handover target cell, etc.” This means that it is observed that aerial UE may handover to faraway target cell. Our concern is about the PCI collision issue. For example, as illustrated in Figure 1, For example, as shown in Figure 1, Terrestrial UE (TUE) may only need to measure neighbor cells a1, a2, a3, …, a6 during handover. However, aerial UE1 flying at Altitude1 may need to measure cells b1, b2, …, b12, while aerial UE2 flying at Altitude2 may need to measure cells b1, b2, …, b12, and cells c1, c2, …, c18.
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Figure 1. Aerial UE observes more neighbour cells than terrestrial UE (legacy UE)
Observation 1: Aerial UE is supposed to measure more cells than legacy UE during cell (re-)selection procedure.

Owing to the large number of cells that aerial UE can detect and measure, it is required that aerial UE should be able to report more measurement results. Therefore, it is reasonable for eNB to configure more cells for aerial UE to measure and to report. Currently, the maximum number of cells that UE can report is 8. So, we think that maxCellReport should be enlarged for aerial UE measurement report.

Proposal 1: maxCellReport should be enlarged for aerial UE measurement report.
2.2 Less frequent measurement report
According to the agreement [3], the following is captured in TR:
Existing measurement reporting mechanisms may be enhanced, e.g., by defining new events, enhancing triggering condition, controlling the amount of measurement reporting, etc.
Moreover, aerial UE will “see” and measure more cells for efficient handover. And eNB should configure more cells for aerial UE to measure and to report. Owing to this, it is foreseen that measurement would be reported more frequently, resulting in heavy signaling overhead. In order to solve this problem, we come up with two options:
Option 1: Introduce 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.
Option 2: Configure aerial UE specific measurement report configuration.
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, timerToTrigger, report interval, can be configured to be aerial UE specific.
Proposal 2: RAN2 is encouraged to further study the details of report configuration and/or defining new events/criteria(s), in order to reduce measurement report overhead.

3
Altitude state and AltitudeStateScaleFactors 

According to [3], the following statement is captured in TR:

Handover procedure and related parameters for aerial UEs may be adjusted, based on UE’s airborne status and location information.
According to [4], the following is agreed:

Agreement:


Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status). 

It seems that altitude threshold is likely to be defined for aerial UE. As discussed in our companion contribution [], we proposed that the altitude threshold may be configured via SIB and/or RRC. Furthermore, in this contribution, we propose that the altitude threshold may contain a set of altitude values, rather than a single value. Without loss of generality, we can define the altitude threshold as {ThresSetUAVAltitude1, ThresSetUAVAltitude2, …, ThresSetUAVAltitudeN}, where N is a integer number. 

Proposal 3: The altitude threshold is proposed to contain a set of altitude values, which may be defined as {ThresSetUAVAltitude1, ThresSetUAVAltitude2, …, ThresSetUAVAltitudeN}, where N is a integer number.
3.1 Altitude state

As discussed above, an altitude threshold containing a set of altitude values may be configured to aerial UE. With the configuration of this altitude threshold set, the aerial UE is able to determine how high it is flying, which is in a high altitude or a medium altitude. In LTE, Medium-mobility state and High-mobility state are specified in order to scale the parameters measured in handover. Likewise, we think similar parameters, Medium-altitude state and High-altitude state may also be considered in order to support aerial UE’s handover.
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Figure 2. The altitude threshold may contain a set of altitude values.
For example, as illustrated in Figure 2, two altitude values in the altitude threshold set are configured, which are ThresSetUAVAltitude1 and ThresSetUAVAltitude2. Here, ThresSetUAVAltitude1 > ThresSetUAVAltitude2. In this case, the detection and transition criteria of Medium-mobility state and High-mobility state can be defined as follows:
State detection criteria:

Medium- altitude state criteria:

-
If altitude exceeds ThresSetUAVAltitude1 and not exceeds ThresSetUAVAltitude2.

High- altitude state criteria:

-
If altitude exceeds ThresSetUAVAltitude2.

State transitions:

The UE shall:

-
if the criteria for High- altitude state is detected:

-
enter High- altitude state.

-
else if the criteria for Medium- altitude state is detected:

-
enter Medium- altitude state.

-
else if criteria for either Medium- altitude or High- altitude state is not detected:

-
enter Normal- altitude state.
In this way, according to its flying altitude, the aerial UE can classify itself into Medium-altitude state, High-altitude state or Normal-altitude state. Having had the altitude state, aerial UE can apply the corresponding AltitudeStateScaleFactors, as will be discussed in Section 3.2.

Proposal 4: Altitude state is supposed to be specified in this WI. 
3.2 AltitudeStateScaleFactors
As discussed in Section 3.1, if Medium-altitude state and High-altitude state are specified, an AltitudeStateScaleFactors may be defined in order to scale the handover related parameters. 
AltitudeStateScaleFactors：The IE AltitudeStateScaleFactors concerns factors, to be applied when the UE is in medium or high altitude state, used for scaling mobility related parameters.

AltitudeStateScaleFactors information element

-- ASN1START

AltitudeStateScaleFactors ::=


SEQUENCE {


hf-Medium






ENUMERATED {oDot25, oDot5, oDot75, lDot0, 1Dot25, },


hf-High







ENUMERATED {oDot25, oDot5, oDot75, lDot0}

}

-- ASN1STOP
Having had AltitudeStateScaleFactors,  aerial UE is able to scale timeToTrigger for example.
Proposal 5: AltitudeStateScaleFactors is supposed to be specified in this WI. 

4
Conclusion
In this contribution, we discussed the. Based on discussions we propose:
Observation 1: Aerial UE is supposed to measure more cells than legacy UE during cell (re-)selection procedure.

Proposal 1: maxCellReport should be enlarged for aerial UE measurement report.
Proposal 2: RAN2 is encouraged to further study the details of report configuration and/or defining new events/criteria(s), in order to reduce measurement report overhead.

Proposal 3: The altitude threshold is proposed to contain a set of altitude values, which may be defined as {ThresSetUAVAltitude1, ThresSetUAVAltitude2, …, ThresSetUAVAltitudeN}, where N is a integer number.
Proposal 4: Altitude state is supposed to be specified in this WI. 

Proposal 5: AltitudeStateScaleFactors is supposed to be specified in this WI. 
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