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3GPP™ Work Item Description

For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title: 
Study on enhanced Support for Aerial Vehicles 
Acronym: FS_LTE_Aerial 
Unique identifier: 
 
NOTE:
For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.

If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 

Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


1
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	X

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a … 
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2
Parent and child Work Items 
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	{mandatory text: "parent WID" or "child WID"} 


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 


NOTE:
Classical examples: List a preceding SI or a preceding WI (e.g. if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.
Dependency on non-3GPP (draft) specification: 
3
Justification

There have been increasing interests in covering the aerial vehicles such as drones and aircraft with cellular networks. The use cases of commercial drones are growing very rapidly and include package delivery, search-and-rescue, monitoring of critical infrastructure, wildlife conservation, flying cameras, and surveillance. All these use cases could see rapid growth and more will emerge in coming years. Many of these emerging use cases could benefit from connecting drones to the cellular network as a UE. Another type of aerial vehicle that will benefit from connectivity to the cellular network is passenger aircraft. Although the airline industry has long been well established, the development of in-flight mobile broadband (MBB) services has been slow. Issues such as quality of service and cost have prevented in-flight MBB from becoming popular among travellers.

LTE is well positioned to serve aerial vehicles such as drones and aircraft. In fact, there have been increasing field trials involving using LTE networks to provide connectivity to drones. It is predicted that a rapid and vast growth in the drone industry will bring new promising business opportunity for LTE operators. Furthermore, the LTE networks could be extended to serve the in-flight MBB use case and address issues that are hindering the growth in that domain.

However, enhancements may be identified to better prepare the LTE networks for the data traffic growth from aerial vehicles in the coming years. For example, an air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground. As long as an aerial vehicle is flying at low altitude, relative to the BS antenna height, it behaves like a conventional UE. However, once an aerial vehicle is flying well above the BS antenna height, the UL signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions. The UL signal from an aerial vehicle increases interference in the neighbour cells. The increased interference gives a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. This implies that the network may need to limit the admission of aerial vehicles in the network so that the perceived throughput performance of the conventional UEs is not deteriorated. 

Furthermore, there are regulatory aspects specifically for drones. Two types of “drone UE” are observed in the field. One is a drone equipped with a cellular module certified for aerial usage. On the other hand, there might be a drone carrying a cellular module that is only certified for terrestrial operation. Such usage may not be permitted from a regulatory standpoint in certain regions. In that sense, the UL signal from such a UE can be regarded as jamming.

This study item will assess the performance of Rel-14 networks, when it is used for serving the aerial vehicles like drones and aircraft. The aforementioned interference problem and identification of a non-certified drone UE will be studied. During the study item, certain further performance enhancing solutions may be identified to optimize LTE connectivity for aerial vehicles. 

4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objective is to study the following aspects associated with using terrestrial networks to provide connectivity to aerial vehicles of drones and aircraft. 

The objectives of the study are as follows:

The work in the study is phased accordingly.
· In the first phase until RAN #77, investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:

· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 
· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for [RAN1, RAN2]
· Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: Assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]
· In the second phase aspects related to potentially “new” Base Station deployments that are more specific to “air-cell” deployments are studied, including (from RAN #77):
· Aerial vehicles operating up to a height of commercial aircraft.
· Channel models:  Select appropriate models applicable to aircraft operated by “air cells”. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
· The study should consider the following aspects.
· Interference characteristics: Air-to-ground (ATG) channels have different inter-cell interference characteristics compared to terrestrial channels. Thus, one objective of this study is to understand the interference characteristics and their impact on LTE performance together with identifying any interference mitigation techniques [RAN1]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Note: Reuse any findings, where applicable, from the study on drones.

NOTE: For aircraft, the direct connection of passengers UEs with ground stations is out of scope. The study focuses on the scenario where an aircraft is equipped with transmission/reception equipment (UE type of device installed in the aircraft) which is certified for aerial use and which provides in-flight connectivity to passenger’s UE, e.g. by (WiFi) tethering.
4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	36.XXX
	3GPP-internal TR
	Enhanced LTE Support for Aerial Vehicles
	RAN #77
	RAN #79
	Wuri A. Hapsari, NTT DOCOMO, wuri@nttdocomo.com


Note 1:
Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.

NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
Wuri A. Hapsari (RAN2)
Company:
NTT DOCOMO, INC.
E-mail:
wuri@nttdocomo.com
Muruganathan, Siva (RAN1)
Company:
Ericsson

Email:
siva.muruganathan@ericsson.com

7
Work item leadership

RAN2, 
RAN1 and RAN3 (2nd responsible)
8
Aspects that involve other WGs
NOTE:
For RAN WIDs: Section 8 applies only to WGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
SA2 might be involved in studying the objective of identifying an air-borne UE with proper certification in the cellular network.
9
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