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1. Introduction

In RAN#78 meeting, new WID for aerial is approved [1]. One of the objectives for measurement enhancement is as following

	The objective is to specify the following improvements for enhanced LTE support for aerial vehicles.  Note: Enhancements are built on existing mobility mechanisms and these mechanisms may be enhanced if identified to be needed.

· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2].


In RAN2#101 meeting, the airborne status and indication issues were discussed, and reached following agreement

Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status)
In this contribution, how the aerial UE provide airborne status information is further discussed.
2. Discussion
During study item phase, it was identified that airborne UE (i.e., UE which is in a condition of flying) identification can be realized by UE-based solution and network based solutions as following
1. UE-based solutions

The UE can indicate that it is airborne:

· explicitly, e.g., by using an in-flight mode indication, altitude information or location information, or

· implicitly by utilizing enhanced measurement reporting mechanism, e.g., introduction of new events. 

2. Network-based solutions

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.
There can be two potential solutions for eNB handle aerial UE airborne status, which as follows
1. UE send assistant information for eNB to determine whether UE is in ground status or air-borne status
2. UE send status indication to eNB based on eNB configuration

In the following text, we will analyse above two potential solutions.
2.1 UE send assistant information
By this solution, UE can send assistant information to eNB to help eNB estimate what status it is and what parameter should be configured. More specifically, three dimensional positioning information together with speed information can be sent to eNB since this is the most important difference between air-borne UE and ground UE mobility characteristics. Such kind of information is already exist in Locationinfo IE in measurement results, which is defined as follows
LocationInfo information element

-- ASN1START

LocationInfo-r10 ::=
SEQUENCE {


locationCoordinates-r10




CHOICE {



ellipsoid-Point-r10





OCTET STRING,



ellipsoidPointWithAltitude-r10


OCTET STRING,


...,



ellipsoidPointWithUncertaintyCircle-r11




OCTET STRING,



ellipsoidPointWithUncertaintyEllipse-r11



OCTET STRING,



ellipsoidPointWithAltitudeAndUncertaintyEllipsoid-r11
OCTET STRING,



ellipsoidArc-r11


 






OCTET STRING,



polygon-r11











OCTET STRING

},


horizontalVelocity-r10




OCTET STRING



OPTIONAL,


gnss-TOD-msec-r10





OCTET STRING



OPTIONAL,


...

}

-- ASN1STOP

From the above information, we could see such IE already include e.g. 3D positioning information, uncertainty, velocity, and can be reused as aerial UE’s assistance information for determination UE status. Such information can be reported periodically or via eNB triggering, and the periodicity can be controlled by ReportInterval in ReportConfigEUTRA. 
However, such solution can only be used under RRC connected mode since eNB needs to adjust RRC configurations according to aerial UE status evaluation adaptively. For aerial UE in RRC IDLE mode and cell (re)selection, optimized parameter for air-borne UE cannot be configured by this solution.

Observation 1: The solution that eNB determine aerial UE air-borne status based on aerial UE assistance information which contain location information can only be used to RRC connected mode.
Besides, in the scenario that when aerial UE is on the high building or viaduct but not flying, reporting location information to eNB does not help eNB to distinguish such scenario, unless aerial UE can provide additional information. Thus, report location information only cannot indicate whether aerial UE is in airborne status or not accurately.
Observation 2: Aerial UE reported location information cannot distinguish the scenario when aerial UE is on the high building or viaduct but not flying
2.2 UE send status indication
By this solution, UE can send status indication based on eNB configuration. More specifically, eNB can broadcast or configure thresholds for aerial UE to determine UE air-borne/ground status, e.g. eNB can configure threshold for height, speed etc. so that aerial UE can estimate its status under both RRC IDLE mode and connected mode. Then after the evaluation, under RRC IDLE mode, aerial UE can select corresponding parameters that broadcasted by eNB e.g. cell (re)selection related parameters, neighbour cell list etc. On the other hand, under RRC connected mode, aerial UE can send status indication to eNB, so that eNB can configure corresponding parameters. As discussed in [2], aerial UE can also directly select pre-configured mobility parameters after the status evaluation. 
Besides, aerial UE can judge whether itself is flying or not even when aerial UE is on high building or viaduct. Together with the broadcasted threshold, aerial UE can have the final judgement whether it is in airborne or not. Then UE can directly send the airborne status indication to eNB, to indicate the aerial UE is in airborne status or not. The airborne status indication could be 1 bit at least, e.g. value 0 stands for ground state which is similar to terrestrial UEs, and value 1 stands for airborne state.

The impact to specification by this solution can be summarized as following:

1. eNB configure status determination threshold by broadcast information or RRC configuration

2. eNB configure different parameters for air-borne UE and ground/terrestrial UE by broadcast information or RRC configuration

3. UE send status indication to eNB

Observation 3: The solution that UE sends status indication based on eNB configuration can be used to both RRC IDLE mode and connected mode
Observation 4: The solution that UE sends status indication based on eNB configuration can effectively distinguish whether aerial UE is on high building or viaduct or is really flying.
Proposal 1: Aerial UE sends one-bit indication to eNB to indicate whether aerial UE is in airborne or not.
3. Conclusion

In this contribution, we discuss the status management for aerial UE, and have following observations and proposals
Observation

Observation 1: The solution that eNB determine aerial UE air-borne status based on aerial UE assistance information which contain location information can only be used to RRC connected mode.
Observation 2: Aerial UE reported location information cannot distinguish the scenario when aerial UE is on the high building or viaduct but not flying
Observation 3: The solution that UE sends status indication based on eNB configuration can be used to both RRC IDLE mode and connected mode

Observation 4: The solution that UE sends status indication based on eNB configuration can effectively distinguish whether aerial UE is on high building or viaduct or is really flying.
Proposals

Proposal 1: Aerial UE sends one-bit indication to eNB to indicate whether aerial UE is in airborne or not.
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