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1
Introduction
The unmanned aevial vehicle (UAV) now provides increasing world wide commercial application. Serving UAV via cellular networks will bring a significant opportunity for mobile operators.
In RAN#75 meeting, a study item on “Study on enhanced Support for Aerial Vehicles” was approved in RP-170779. The aim was to investigate the feasibility of serving aerial vehicles using LTE network deployments. The objectives of the study were: verify the level of performance, identify supportable heights, speed, and densities of aerial vehicles, select air-to-ground channel models, and study performance enhancing solutions for interference mitigation, interference detection, identification, handover, and positioning (as the 2nd priority, if time permits). This SID has already finished and its study report can be seen in TR36.777.
In RAN #78 meeting, a new WID “New WID on Enhanced LTE Support for Aerial Vehicles” ([RP-172826]) was appoved. Based on the previous progress from the finished SID, this work item aims to specify features that can improve the efficiency and robustness of terrestrial LTE network for delivering connectivity solutions more efficiently for UAV. The following objective is abstracted from the WID.

	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 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.

· 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].

· Signaling support for subscription based identification [RAN2 lead, RAN3]

· Specify S1/X2 signalling to support subscription based aerial UE identification

· Specify UL power control enhancements in the following areas [RAN1, RAN2]
· UE specific fractional pathloss compensation factor

· Extending the supported range of UE specific P0 parameter


According to the WID, the main work in RAN3 seems to specify S1/X2 signalling to support subscription based aerial UE identification. 

In the last RAN2 #101meeting, this WID was discussed and then an LS [R2-1804089] was approved.

	1. Overall Description:

RAN2 would like to inform SA2 and RAN3 about the new WI for Aerials that has been agreed in RP-172826 and the related RAN2 agreements. 
The WID includes following objectives:
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 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.

· 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].

· Signaling support for subscription based identification [RAN2 lead, RAN3]

· Specify S1/X2 signalling to support subscription based aerial UE identification

· Specify UL power control enhancements in the following areas [RAN1, RAN2]
RAN2 confirms that this subscription based information indicates that the user is allowed to use the feature(s) defined for aerial vehicles. The eNB may use this information together with UE radio capability to identify an aerial UE and to perform the necessary control using the relevant feature(s).
Therefore, for the objective of supporting for subscription based identification, RAN2 respectfully would like to ask:
· SA2 to define subscription level information that a user is allowed to utilize feature(s) defined for aerial vehicles and the necessary signaling in the interfaces between CN nodes (e.g., MME-HSS, etc.)
· RAN3 to specify the signaling to indicate the subscription information from MME to eNB during connection setup procedure and from source eNB to target eNB during the mobility procedures.

2. Actions:

To SA2:

RAN2 ask SA2 to define subscription level information that a user is allowed to utilize feature(s) defined for aerial vehicles and the necessary signaling in the interfaces between CN nodes (e.g., MME-HSS, etc.) 
To RAN3:

RAN2 ask RAN3 to specify the signaling to indicate the subscription information from MME to eNB during setup procedure and from source eNB to target eNB during the mobility procedures.


According to this objective of the WID and the RAN2 LS, this paper addresses to to specify the signaling to indicate the subscription information from MME to eNB during setup procedure and from source eNB to target eNB during the mobility procedures.

2 Discussion

2.1 S1/X2 signalling to support UAV subscription information transmission
In our view, the UAV subscprition information can be transferred as least by the following signalling.
1- INITIAL CONTEXT SETUP
In TS36.413, it is stated that the purpose of the Initial Context Setup procedure is to establish the necessary overall initial UE Context including E-RAB context, the Security Key, Handover Restriction List, UE Radio capability and UE Security Capabilities etc. The procedure uses UE-associated signalling. 
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TS 36.413 Figure 8.3.1.2-1: Initial Context Setup procedure. Successful operation.
So that, the UAV subscription information can be transferred from MME to eNB via INITIAL CONTEXT SETUP REQUEST message.

2- Handover Resource Allocation
In TS36.413, the purpose of the Handover Resource Allocation procedure is to reserve resources at the target eNB for the handover of a UE.
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TS 36.413 Figure 8.4.2.2-1: Handover resource allocation: successful operation

During S1-based handover procedure, the MME initiates the procedure by sending the HANDOVER REQUEST message to the target eNB. The HANDOVER REQUEST message may contain the UAV surbscription information related IE, then the target eNB may use the related UE radio capability to identify that a UE supports UAV related LTE functions.
3- Handover Preparation
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TS 36.423 Figure 8.2.1.2-1: Handover Preparation, successful operation

During X2-based handover procedure, the Handover preparation procedure is initiated by the source eNB if it determines the necessity to initiate the handover via the X2 interface.

So that, The UAV subscription information can be transferred from Source eNB to Target eNB via HANDOVER REQUEST message during X2-based handover procedure.

Proposal 1: The UAV subscription information can be transferred as optional IE via:

- INITIAL CONTEXT SETUP REQUEST message during UE context setup procedure
- HANDOVER REQUEST message from MME to eNB during S1-based handover procedure

- HANDOVER REQUEST message from Source eNB to Target eNB during X2-based handover procedure

From current information (e.g., TR36.777, WID and LS), it is not clear whether the UAV subscription information is allowed to modify or not. In our view, it shall be decided by SA2.

Assumption the UAV subscprition information is allowed to modify, then the following S1/X2 signalling can also be used.
4- DOWNLINK NAS TRANSPORT
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TS 36.413 Figure 8.6.2.2-1: DOWNLINK NAS Transport Procedure

This is class 2 message. If the UAV subscription information related IE is included in the DOWNLINK NAS TRANSPORT message, eNB shall strore this information as well as other UE capability information.

5- UE Context Modification

In TS36.413, the purpose of the UE Context Modification procedure is to partly modify the established UE Context, e.g., with the Security Key or the Subscriber Profile ID for RAT/Frequency priority. 
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TS 36.413 Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation.
In our view, if the UAV subscription information is allowed to modify, the UE CONTEXT MODIFICAITON REQUEST message can also be used with the UAV subscprition information related IE.
Proposal 2: Given the UAV subscription information can be modified, this can also be transferred as optional IE via:

- DOWNLINK NAS TRANSPORT and/or
- UE CONTEXT MODIFICAITON REQUEST
2.2 UAV subscription level information
In the TR 36.777, the UAV subscription information is decipted as below
	7.5.2
Aerial UE Identification based on certification/license
A UE indicates support of UAV related functions using radio capability indication to the eNB. The eNB may use the related UE radio capability to identify that a UE supports UAV related LTE functions.
Permission for a UE to function as an aerial UE in the 3GPP network can be identified via subscription information. This subscription information may be passed to the eNB via S1 signalling from the MME. The eNB may use this information together with capability indication to identify an aerial UE, to perform the necessary control and apply the relevant functions.
The actual “aerial usage” certification/license/limitation of a UE and how it is reflected in the subscription information is outside of RAN2 scope, and may be provided from (non)-3GPP node(s) to a 3GPP node.

5)
On UAV UE identification

UE can indicate a radio capability to the network which may be used to identify a UE with the relevant functions to support the UAV related functions in LTE network. Permission for a UE to function as an Aerial UE in the 3GPP network can be known from subscription information which is passed to RAN via S1 signalling from the MME. The actual “aerial usage” certification/license/limitation of a UE and how it is reflected in the subscription information is outside of RAN2 scope, and may be provided from (non)-3GPP node(s) to a 3GPP node.

A UE, which is flying may be identified from the UE-based reporting, e.g., in-flight mode indication, altitude or location information, by utilizing enhanced measurement reporting mechanism (e.g., introduction of new events) or by the mobility history information available in the network. 


In the WID phase, it is SA2 other than RAN3 to define the UAV subscription level information. But from RAN3’s point of view, it is similar to the “Subscriber Profile ID for RAT/Frequency priority” IE defined in TS36.300.

	16.1.8
Subscriber Profile ID for RAT/Frequency Priority

The RRM strategy in E-UTRAN may be based on user specific information.

The Subscriber Profile ID for RAT/Frequency Priority (SPID) parameter received by the eNB via the S1 interface or the X2 interface is an index referring to user information (e.g. mobility profile, service usage profile). The information is UE specific and applies to all its Radio Bearers.

This index is mapped by the eNB to locally defined configuration in order to apply specific RRM strategies (e.g. to define RRC_IDLE mode priorities and control inter-RAT/inter frequency handover in RRC_CONNECTED mode).


Similarly, the UAV subscription level information is also used for eNB to design the RRM strategy. So that RAN3 can introduce a new “UAV usage allowed” IE to indicate the UAV subscription information and transfer it through corresponding S1/X2 signaling. The detailed conten of “UAV usage allowed” IE is left to SA2.
When the eNB received the “UAV usage allowed” IE from MME or Target eNB received it from Source eNB, the RRM strategy in E-UTRAN may be based on this specific information.
Proposal 3: A new “UAV usage allowed” IE is introduced to indicate the UAV subscription information, the definition of this IE is pending to SA2.
3 Conclusion
In this paper, we provide following obersvation and proposals.

Proposal 1: The UAV subscription information can be transferred as optional IE via:

- INITIAL CONTEXT SETUP REQUEST message during UE context setup procedure
- HANDOVER REQUEST message from MME to eNB during S1-based handover procedure

- HANDOVER REQUEST message from Source eNB to Target eNB during X2-based handover procedure

Proposal 2: Given the UAV subscription information can be modified, this can also be transferred as optional IE via:

- DOWNLINK NAS TRANSPORT and/or
- UE CONTEXT MODIFICAITON REQUEST

Proposal 3: A new “UAV usage allowed” IE is introduced to indicate the UAV subscription information, the definition of this IE is pending to SA2.
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