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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 by 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:

· 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 RAN2#98 meeting, mobility issues were discussed and following agreements were made:

Agreements

1
Study whether the current mobility solutions are sufficient for airborne vehicles.

2
Simulate RLF and HOF rates for airborne vehicles. Reuse the simulation assumptions in RAN1.

In this contribution, we will analyse the potential enhancements for mobility enhancement of aerial UEs.

2. Discussion
As mentioned in [1], an air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground. Besides, the network coverage that planned and optimized for terrestrial UEs is seen as fragments by air-borne UEs and not the optimized coverage for air-borne UEs [2]. This implies that the mobility related parameters that configured for terrestrial UEs are not suitable for air-borne UEs anymore. eNB need another set of parameters for air-borne UEs separately, which requires that the status of aerial UE should be known by eNB, i.e. whether aerial UE is in ground status or air-borne status should to be known by eNB, so that eNB can configure one set of parameters for air-borne UEs (aerial UE in air-borne status), and one set of parameters for terrestrial UE and aerial UE in ground status.

Observation 1: Aerial UE status information is helpful for eNB to configure optimized mobility related parameters for ground UE and air-borne UE
Proposal 1: Suggest RAN2 to study aerial UE status management issues. 
There can be two potential solutions for eNB to acquire aerial UE status information, which as follows [2]

 REF _Ref494374180 \n \h 
[3]

 REF _Ref494374181 \n \h 
[4]
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 2: The solution that eNB determine aerial UE air-borne status based on aerial UE assistance information can only be used under RRC connected mode.
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 [5], aerial UE can also directly select pre-configured mobility parameters after the status evaluation. 
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 send status indication based on eNB configuration can be used under both RRC IDLE mode and connected mode
Proposal 2: If proposal 1 is agreed, suggest RAN2 to further study above two solutions while take observation 2 and 3 into consideration.
3. Conclusion

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

Observation 1: Aerial UE status information is helpful for eNB to configure optimized mobility related parameters for ground UE and air-borne UE
Observation 2: The solution that eNB determine aerial UE air-borne status based on aerial UE assistance information can only be used under RRC connected mode.
Observation 3: The solution that UE send status indication based on eNB configuration can be used under both RRC IDLE mode and connected mode

Proposals

Proposal 1: Suggest RAN2 to study aerial UE status management issues. 
Proposal 2: If proposal 1 is agreed, suggest RAN2 to further study above two solutions while take observation 2 and 3 into consideration.
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