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Introduction
[bookmark: _Ref178064866]In RAN#78, a new WI for enhanced aerial UE support was agreed [1]. The WID includes the 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]
· UE specific fractional pathloss compensation factor
· Extending the supported range of UE specific P0 parameter



In RAN2#101, the following agreements were made
1. RAN2 confirm the following work/responsibility split between WGs:
	RAN2:
	-	To clarify and confirm the usage of the subscription based identification and the overall stage2 behaviour of UAV identification signaling. 
	RAN3:
	-	To define the signaling/IE for subscription based UAV identification.
	SA2:
	-	To define the subscription based UAV identification and the necessary signaling in interfaces between CN nodes (e.g., MME – HSS, etc.)
2. RAN2 to confirm that the subscription based information is signaled from the MME to the eNB
3. UE location information is included in the measurement report for Aerial UE based on the existing location information IE and reporting mechanism. Any parameters for reporting can be further studied.
4. Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status).
5. =>	Introduce new measurement event/modify existing measurement events for interference detection

In RAN2#101bis, the following agreements were made:
1	Provide threshold(s) in meters at least through dedicated RRC signaling. Using system information is FFS.
2	Event of UE’s height is above threshold(s) can trigger report. The content of the report are FFS. It can be discussed in the running RRC CR email discussion.
3	Introduce the number of triggered cells for interference detection for UAV UE. FFS the sum of RSRP. 
4	The flight path information provided from UE to eNB through RRC is supported. The trigger condition and content of the information is FFS.

In this paper, we discuss how to progress in LTE_Aerial-Core WI per AI. 
 AI 9.18.4 Airborne status/interference detection and indication
Agreement from RAN2#101:
Agreement:
	Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status). 
Agreement:
	UE location information is included in the measurement report for Aerial UE based on the existing location information IE and reporting mechanism. Any parameters for reporting can be further studied.
=>	Introduce new measurement event/modify existing measurement events for interference detection
Agreement from RAN2#101bis:
1	Provide threshold(s) in meters at least through dedicated RRC signaling. Using system information is FFS.
2	Event of UE’s height is above threshold(s) can trigger report. The content of the report are FFS. It can be discussed in the running RRC CR email discussion.
3	Introduce the number of triggered cells for interference detection for UAV UE. FFS the sum of RSRP. 

List of papers submitted or related to this AI.
R2-1807258, R2-1807259, R2-1807260, Ericsson
R2-1807506	, R2-1807507, Intel 
R2-1806741, KDDI Corporation, Kyocera
R2-1807327, Kyocera  
R2-1807895, R2-1807896, Lenovo
R2-1806899, LG 
R2-1807883, R2-1807884, Nokia 
R2-1807790, R2-1807791, Sony
R2-1807478	Huawei
R2-1807293	Qualcomm 

Height-based reporting
This section addresses the FFS identified in the running CR discussion. The following papers have discussions related to this part:
R2-1807258, R2-1807260, Ericsson
R2-1808544, Docomo
R2-1807895, Lenovo
R2-1806741, KDDI
R2-1807884, Nokia
R2-1807790, Sony 
R2-1807791, Sony 
R2-1807327, Kyocera

Height threshold definition
1. Above sea level: Ericsson, KDDI
2. Above ground level: Lenovo, KDDI
3. Uncertain: Nokia 
Using the ground level has been discussed, mainly due to that the SI has explicitly studied height range up-to 300m in which the height above ground level is assumed. As indicated in R2-1806741, it is not clear on which ground it is referring to, which can be the eNB’s ground, its serving cell’s ground or the ground of the UE’s current location.
On the other hand, as discussed in several papers that UE can access height above sea level (e.g., from GPS) easier than above ground level. With respect to the comment in R2-1807895 about difficulty to encode height above sea level, there are examples in R2-1806741 and R2-1807258 to encode above sea level with bit strings with a limited number of bits. Also, regarding the comments in R2-1807884 about the need to define absolute threshold instead of relative one, we wonder if defining over above sea level can address the concern.  

[bookmark: _Toc514345836][bookmark: _Toc514418871]RAN2 to discuss between the following alternatives
· [bookmark: _Toc514345837][bookmark: _Toc514418872]Adopting height threshold referred to above sea level 
· [bookmark: _Toc514345838][bookmark: _Toc514418873]Adopting height threshold referred to above ground level 
· [bookmark: _Toc514345839][bookmark: _Toc514418874]If yes, the definition of the ground (referred to eNB or UE)
The follow-up question is the granularity and the range of the threshold. For the granularity, we can use 40m. 
For the range of above sea level, we choose the lowest exposed land (-413 m for dead sea) and the highest mountain (8848m for Mount Everest) as the reference and round up to a multiple of 40. 
For the range of above ground level, we use SI conclusion 
[bookmark: _Toc514345841][bookmark: _Toc514418875]RAN2 to discuss the granularity and the range of the threshold
· [bookmark: _Toc514345842][bookmark: _Toc514418876]The granularity is 40 m for both cases
· [bookmark: _Toc514345843][bookmark: _Toc514418877]For above sea level, the range is (-420, 8880) meters. Encoded by bit strings, if the granularity is 40m, then we need 8 bits. 
· [bookmark: _Toc514345844][bookmark: _Toc514418878]For above ground level, the range is (0, 400) meters

Hysteresis and time-to-trigger
Both hysteresis and TTT for height reporting are proposed to be supported in R2-1807260 since they are standard tools for measurement reporting to avoid ping-pong and reporting overflow. 
[bookmark: _Toc513653380][bookmark: _Toc514345846][bookmark: _Toc514418879]Support hysteresis and time-to-trigger for height-based reporting.

If the above is agreed, then the next question is the range of the two parameters. 
The current time-to-trigger range is “ms0, ms40, ms64, ms80, ms100, ms128, ms160, ms256, ms320, ms480, ms512, ms640, ms1024, ms1280, ms2560, ms5120” and we do not see a particular need to expand this. 
For hysteresis, since the parameter is height which is new in the spec, we propose to discuss that 
[bookmark: _Toc514345847][bookmark: _Toc514418880][bookmark: _Toc514345848]RAN2 to adopt the range of hysteresis as an integer from 1 to 60 as in current Running CR.

ReportOnLeave versus Event H2 (triggered when aerial below a threshold)
1. ReportOnLeave: Ericsson, Lenovo, Sony
2. Event H2: Nokia, Sony
All companies agree that it is useful to report when the aerial UE is below a threshold. The difference seems to be on the implementation details as no particular arguments for either option were not indentified. We wonder if proponents of event H2 are OK with “reportOnLeave” which is easier to implement.
[bookmark: _Toc514345849][bookmark: _Toc514418881][bookmark: _Toc514345850]RAN2 to agree on supporting ReportOnLeave for height-based reporting. 

Report content
One FFS has been to include location information in the height report if configured. When height reporting is implemented as a new event in RRM reportConfig this seems to be supported by the current spec. 
As an addition, R2-1808544 and R2-1807327 have proposed to include vertical speed in the location information. The use of the vertical speed is unclear as E-UTRAN may configure multiple events thus the speed can be estimated to certain extend from these reports. 
 
[bookmark: _Toc514345852][bookmark: _Toc514418882]RAN2 to discuss whether the vertical speed can be included in the location information of the height report.

It is also mentioned in R2-1807791 that a periodic event-triggered reporting seems beneficial. This is supported by default when height event is specified as new event in RRM reportConfig.
Lastly, RAN4 would introduce reporting criteria for new category of event based on height in 36.133. Thus we propose to inform RAN4 on RAN2 decision on introducing the new height based triggering event. A draft LS is provided in R2-1807260 which should be updated according to RAN2#102 outcome.
[bookmark: _Toc514345854][bookmark: _Toc514418883]Send LS to RAN4 about RAN2 agreement for height based reporting with the CR.

Details for triggering based on number of cells
R2-1806899, LG
R2-1807259, Ericsson
R2-1807506, Intel
R2-1807896, Lenovo
R2-1807884, Nokia
R2-1807790, Sony
The FFSs are a) detailed triggering behaviour, b) the events supported and c) support for reportOnLeave.

Detailed triggering behaviour

The legacy event triggering based on one cell RSRP is the following:
1. A cell fulfils an event entry condition for TTT time
2. The cell enters cellsTriggeredList.
3. Measurement reporting is initiated
For the detailed triggering behaviour, R2-1807896 explains the triggering which is done by adding individual cells to the cellsTriggeredList and triggering measurement event when the size of the list is bigger than a configured value. In R2-1807506, R2-1807259, R2-1807896 and R2-1807327 the views on the first triggered report is the same.
Number of cells triggered (R2-1807259):
1. A cell fulfils an event entry condition for TTT time.
2. The cells enters cellsTriggeredList
3. If size(cellsTriggeredList) >= Nconfigured, then measurement reporting is initiated, where cellsTriggeredList is reported eNodeB.

A revised text proposal to implement this is provided in R2-1807259. In detail, there are two TPs and the difference is how the subsequent triggering is performed. TP1 implements measurement reporting which is initiated every time a new cell is added as long as the size is larger than the configured number. TP2 implements measurement reporting bit more rarely, in detail, the amount cells in cellsTriggeredList needs to go below the event threshold N and cross the threshold again in order to trigger again. 

In R2-1806899, it is believed that the triggering mechanism causes delays and suggests another triggering behaviour. However, as we are discussing triggering in order to recognize a specific interference condition for a flying aerial UE the delay should not be a concern as the event should trigger per when this specific interference condition fulfils. For mobility purposes, UE needs to be configured separately with legacy events.
We propose concentrate on the interference detection use case and to discuss the related details as:
[bookmark: _Toc514345855][bookmark: _Toc511222276][bookmark: _Toc511222659][bookmark: _Toc514418884]RAN2 to discuss and/or confirm the detailed behavior of number of cells
a. [bookmark: _Toc514418885]The measurement reporting is initiated when the size of cellsTriggeredList is larger than or equal to the configured number
b. [bookmark: _Toc514418886]If more cells are added in the cellsTriggeredList after first reporting, whether measurement reporting can be initiated or not. 

Leaving condition and reportOnLeave.

Regarding leaving condition. As the number of cells is not a new event, we would not be able to define new leaving condition. The discussion on reportOnLeave can be understood as reporting when less than N number of cells fulfill the triggering condition, where the detail condition should be discussed.  

In R2-1807296 and R2-1807869 the view that reportOnLeave is not supported while R2-1807790 mentions the use of reportOnLeave. As there has not been stage-3 proposals to implement reporting when the N of cells condition is not fulfilled, it is proposed not to support it.

The proposal in R2-1807259 does not introduce support on reportOnleave but does not introduce restriction on setting reportOnLeave for the event with which number of cells is used.
[bookmark: _Toc514418887]RAN2 to agree that reportOnLeave is not supported and restriction to set reportOnleave TRUE is introduced. 


Events supported with N of cells

On the supported events for the number of triggering cells, R2-1807259 and R2-1807884 expresses support for A3, A4 and A5, while R2-1807884 wants to support A3 and A4. Restricting the supported events can be done through a field description. 
[bookmark: _Toc514418888]RAN2 to agree on support at least for A3 and A4 and discuss whether A5 is supported.

Sum of RSRP
R2-1807507, Intel
R2-1807883, Nokia
R2-1807896, Lenovo

R2-1807883 provides technical arguments against sum of RSRP and R2-1807896 expressed support. R2-1807507 provides summary of the email discussion for sum of RSRP and concludes with a proposal to support sum of RSRP in Rel-15. However, the email discussion was tasked to include BOTH “Identify the necessity of reporting the sum of RSRP” and “Figure out the detailed solution”. For some reason, the second part was not attempted and there were no questions on detailed solution. Further, there was no CR provided to this meeting. Thus we propose:
[bookmark: _Toc514345856][bookmark: _Toc514418889]Stage-3 discussion on sum of RSRP is down prioritized as there is no stage-3 input to the last meeting. 

Air-borne status
R2-1807293, Qualcomm
R2-1807895, Lenovo

There are two papers on the air-borne status. In R2-1807895, it is proposed to piggyback on the height report, while R2-1807293 proposes to send in general on RRC. Before proceeding on that, we should discuss whether we would have such indication. Definition of flight mode would be needed.  
[bookmark: _Toc514345857][bookmark: _Toc514418890]RAN2 to discuss whether an explicit status indication can be sent in the report as an auxiliary information in addition.
 

AI 9.18.3 Mobility enhancement for connected mode
Flight path plan
R2-1807212, Fraunhofer
R2-1807323, Ericsson
R2-1807475, R2-1807476, R2-1807477, Huawei
R2-1807886, R2-1807887, Nokia
R2-1807894 Lenovo
R2-1808610	LG
R2-1808685	Xiaomi 

The report of the email discussion in R2-1807475 serves as summary of the items that need to be agreed for flight path plan. These are a) triggering condition of flight path plan, b) content of flight-path plan, c) configuration of flight path plan as well as some other issues raised by the companies.
[bookmark: _Toc514345858][bookmark: _Toc514418891]Progress for flight path plan based on email summary provided in R2-1807475 
The following aspects would be important to consider when discussing the stage-3 of flight path plan.
The first trade-off to consider is the report size and how it is sent to network. If it can be sent based on a change of the flight path plan, there is a concern that UE may send the report unnecessarily in particular when the report is large and can include way points and time-stamps. 
Also, on including the time stamp associated with each way point, as pointed out, the accuracy of the time stamp is an issue here. To make it useful for handover, it must be accurate in the order of hundreds of milliseconds, but it is very challenging for a drone to meet this. 
In order avoid issues with reporting the flight path plan it is proposed that in this release a request response mechanism is supported where the flight path plan is introduced in UEInformationResponse IE (instead of UEAssistanceInformation). 
[bookmark: _Toc514345859][bookmark: _Toc514418892][bookmark: _Toc514345860]RAN2 to agree that in this release a request response mechanism is supported where the flight path plan is introduced in UEInformationResponse IE.

Controlling amount of measurement reports and report size
R2-1807187 Ericsson, Docomo, Nokia, Nokia Shanghai Bell, KDDI
R2-1807257	Controlling the amount of measurement reporting	Ericsson
R2-1807479	Discussion on new measurement events for Drones	Huawei, HiSilicon

As discussed in Ericsson (R2-1807257), the KPIs for interference detection measurements and mobility measurements are different. Any event that requires multiple cell RSRP to fullfill a condition will cause delay compared to events in current LTE specification which require only one cell RSRP/RSRQ/SINR to fulfill a condition. For mobility, the first report should be sent timely which is why the scheme proposed in R2-1807479 is more suitable for interference detection than for mobility.

[bookmark: _Toc514345861][bookmark: _Toc514418893] RAN2 agrees to introduce mechanism to reduce the number of measurement reporting for Aerial UE such that the first report is sent timely (as fast as legacy mobility report).


Tuning of parameters
R2-1807473, R2-1807474 Huawei
R2-1807885, Nokia
R2-1808607, R2-1808609, LG (resubmissions)
R2-1808623, DOCOMO (resubmission)

Tuning of parameters based on aerial UE properties, such as height, speed, are discussed. In addition to some re-submissions, there have a new paper R2-1807473 to propose to scale based on the vertical speed. There is also a summary of previous proposals from companies in R2-1807473. 
Similarly as last meeting, we propose to down-prioritize the discussion. 
[bookmark: _Toc514345862][bookmark: _Toc514418894]RAN2 to down prioritize discussion on tuning of parameters based on UE’s air-borne related parameters. 
Idle mode
R2-1808340, R2-1808339	Huawei

R2-1808339 and R2-1807791 (in AI 9.18.4) have proposed to broadcast drone related SIB information for aerial vehicles. 
[bookmark: _Toc514345864][bookmark: _Toc514418895]RAN2 to down prioritize discussion for IDLE mode. 

Increasing report size 
R2-1808338, Huawei
It is mentioned in R2-1808338 that the report size is proposed to be increased to accommodate more than 8 RSRP values.
[bookmark: _Toc511299115][bookmark: _Toc514345865][bookmark: _Toc514418896] RAN2 to down prioritize discussion on whether maxReportCells needs to be increased.


AI 9.18.5 Others
Capabilities
R2-1807696, R2-1807697, R2-1807938: Ericsson
R2-1808360, Ericsson, Docomo, Nokia, CMCC, Verizon, KT, Sony
R2-1807293, Qualcomm (from AI 9.18.4)

The most important question is which features are mandatory for aerial UEs. Based on the papers, there is a consensus view and we propose:
[bookmark: _Toc514345866][bookmark: _Toc514418897]These functionalities are mandatory for Rel-15 Aerial UEs: 
c. [bookmark: _Toc514345867][bookmark: _Toc514418898]Height-based reporting 
d. [bookmark: _Toc514345868][bookmark: _Toc514418899]Support number of triggered cells in reporting configuration
e. [bookmark: _Toc514345869][bookmark: _Toc514418900]… (more agreed features in the meeting)

The other less important question is whether the aerial-related features can be separately indicated by other rel-15 UEs. We are not so sure about this part, and it would be good to have more inputs and so we propose that
[bookmark: _Toc514345870][bookmark: _Toc514418901]RAN2 to discuss which functionalities can also be indicated by Rel-15 UEs: 
f. [bookmark: _Toc514345871][bookmark: _Toc514418902]Height-based reporting 
g. [bookmark: _Toc514345872][bookmark: _Toc514418903]Support number of triggered cells in reporting configuration
h. [bookmark: _Toc514345873][bookmark: _Toc514418904]… (more agreed features in the meeting)

Others
R2-1807322, R2-1807162, R2-1807256: Ericsson
R2-1808341 (moved from AI 9.18.4), Huawei 
R2-1806900, R2-1808608: LG

R2-1807322 is about connection control for UEs without subscription. The eNB can know if the user of the drone-UE has a subscription which is authorized for flying a drone connected to the network. And if the eNB notices that a certain UE is not authorized, the eNB needs means for avoiding that the drone UE connects to the network over and over, which would cause consume unnecessary system resources and cause interference. 
This paper has been updated with comments during online and offline discussions. Specifically, it is argued that the “WaitTime” and adding a field in “RRCReleaseCause” are not suitable. For this purpose, it is suggested that the extendedWaitTime is used and that drone UEs shall support the extendedWaitTime.
We suggest first discussing whether this is a problem that needs solutions and then the solution by “extendedWaitTime”.
[bookmark: _Toc514345874][bookmark: _Toc514418905]RAN2 to discuss connection control for UEs without subscription and the potential solution by “extendedWaitTime”.

R2-1808341 discuss another solution for the lack of X2. The solution is to use another eNB to relay between two eNBs without X2 interface. Similar issues have been discussed in the last meeting, without a consensus. 
R2-1807162 and R2-1807256 are about the airborne status/height indication upon RRC connection setup which are resubmissions and we suggest treat them separately. 
R2-1806900, R2-1808608 are resubmissions from the last meeting. It is proposed to alter the MSE-calculation and mobility history reporting for drones. To discuss these topics, we suggest treating the papers. 

Conclusion
[bookmark: _In-sequence_SDU_delivery]
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss between the following alternatives
o	Adopting height threshold referred to above sea level
o	Adopting height threshold referred to above ground level
	If yes, the definition of the ground (referred to eNB or UE)
Proposal 2	RAN2 to discuss the granularity and the range of the threshold
o	The granularity is 40 m for both cases
o	For above sea level, the range is (-420, 8880) meters. Encoded by bit strings, if the granularity is 40m, then we need 8 bits.
o	For above ground level, the range is (0, 400) meters
Proposal 3	Support hysteresis and time-to-trigger for height-based reporting.
Proposal 4	RAN2 to adopt the range of hysteresis as an integer from 1 to 60 as in current Running CR.
Proposal 5	RAN2 to agree on supporting ReportOnLeave for height-based reporting.
Proposal 6	RAN2 to discuss whether the vertical speed can be included in the location information of the height report.
Proposal 7	Send LS to RAN4 about RAN2 agreement for height based reporting with the CR.
Proposal 8	RAN2 to discuss and/or confirm the detailed behavior of number of cells
a.	The measurement reporting is initiated when the size of cellsTriggeredList is larger than or equal to the configured number
b.	If more cells are added in the cellsTriggeredList after first reporting, whether measurement reporting can be initiated or not.
Proposal 9	RAN2 to agree that reportOnLeave is not supported and restriction to set reportOnleave TRUE is introduced.
Proposal 10	RAN2 to agree on support at least for A3 and A4 and discuss whether A5 is supported.
Proposal 11	Stage-3 discussion on sum of RSRP is down prioritized as there is no stage-3 input to the last meeting.
Proposal 12	RAN2 to discuss whether an explicit status indication can be sent in the report as an auxiliary information in addition.
Proposal 13	Progress for flight path plan based on email summary provided in R2-1807475
Proposal 14	RAN2 to agree that in this release a request response mechanism is supported where the flight path plan is introduced in UEInformationResponse IE.
Proposal 15	RAN2 agrees to introduce mechanism to reduce the number of measurement reporting for Aerial UE such that the first report is sent timely (as fast as legacy mobility report).
Proposal 16	RAN2 to down prioritize discussion on tuning of parameters based on UE’s air-borne related parameters.
Proposal 17	RAN2 to down prioritize discussion for IDLE mode.
Proposal 18	RAN2 to down prioritize discussion on whether maxReportCells needs to be increased.
Proposal 19	These functionalities are mandatory for Rel-15 Aerial UEs:
a.	Height-based reporting
b.	Support number of triggered cells in reporting configuration
c.	… (more agreed features in the meeting)
Proposal 20	RAN2 to discuss which functionalities can also be indicated by Rel-15 UEs:
a.	Height-based reporting
b.	Support number of triggered cells in reporting configuration
c.	… (more agreed features in the meeting)
Proposal 21	RAN2 to discuss connection control for UEs without subscription and the potential solution by “extendedWaitTime”.
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