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1. 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 this paper, we discuss how to progress in LTE_Aerial-Core WI per AI. Revision highlighted.
2. Discussion


It is proposed to initiate running 36.331 CR after RAN2#101bis and to have email discussion to incorporate agreements from RAN2#101b in that running CR. 

[bookmark: _Toc511222256][bookmark: _Toc511222639][bookmark: _Toc511299098]Initiate running 36.331 CR after RAN2#101bis and to have email discussion to incorporate agreements from RAN2#101b in that running CR.
In following section, we present summary and proposed way forwards on papers submitted to LTE_Aerial-Core WI. For some papers we suggest move from AI to another AI, especially for papers submitted directly to 9.18.
2.1 AI 9.18.2 Subscription based identification
Agreement:
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

List of papers submitted to this AI.
R2-1804649 Huawei
· Proposal 1: introduce Aerial Vehicle Identification IE as ENUMERATED (Aerial Vehicle, ...).
· Proposal 2: introduce Aerial Vehicle Identification IE in the S1AP and X2AP messages.
Proposal 2 seems to belong to RAN3 and for proposal 1 it seems better to wait progress and input from SA” and RAN3. Further, RAN2 should discuss also stage-2 behaviour before progressing to stage-3. Thus, we propose to wait input from SA2 and RAN3 and then progress the use of identification and overall stage-2 behaviour to be captured in 36.300. After, capture needed stage-3 additions to 36.331.

[bookmark: _Toc511222257][bookmark: _Toc511222640][bookmark: _Toc511299099]Wait input from SA2 and RAN3 and then progress the use of identification and overall stage-2 behaviour to be captured in 36.300. After, capture needed stage-3 additions to 36.331.

2.2 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

List of papers submitted or related to this AI.
R2-1804826 (from AI 9.18): Interdigital
R2-1806138, R2-1805771: LG
R2-1804891: Intel 
R2-1805773: Qualcomm
R2-1805609, R2-1805611, R2-1805628: Ericsson
R2-1805638, R2-1805277, R2-1805276: Nokia
R2-1805192, R2-1805193: Lenovo
R2-1805156, R2-1805158: Sony 
R2-1804648: Huawei
R2-1806042 (from AI 9.18), R2-1805993 (from AI 9.18): Docomo
R2-1805521 (from AI 9.18): CMCC

2.2.1 Reference altitude definition and signalling mechanism
This section discusses what is the metric used for the reference/threshold altitude and how network provides it to the UE.
1. Reference altitude metric 
· Barometric pressure:
For: Ericsson (R2-1805628)
Against: Nokia (R2-1805638)
· ground altitude: 
For: Nokia (R2-1805638)
Against: Sony (R2-1805156), LG (R2-1806138)
2. How network provides the reference: 
a. both SIB and RRC (Sony R2-1805158, Lenovo R2-1805192)
b. RRC (Ericsson, R2-1805628)
It is mentioned in both R2-1805628 (Ericsson) and R2-1805638 (Nokia) that the accuracy from GNSS is limited compared to that of the barometric pressure measurement. R2-1805628 (Ericsson) proposes to send it over RRC, while R2-1805638 (Nokia) has preference that this is sent from the application layer.
R2-1805638 (Nokia) proposes that the network can choose either ground altitude or height threshold above the ground, while R2-1805156 (Sony) and R2-1806138 (LG) believe ground altitude is not needed. 
[bookmark: _Toc511222258][bookmark: _Toc511222641][bookmark: _Toc511299100]RAN2 to discuss the following on the contents of the reference altitude: 
· [bookmark: _Toc511222259][bookmark: _Toc511222642][bookmark: _Toc511299101]barometric pressure versus altitude in meters
[bookmark: _Toc511222260][bookmark: _Toc511222643][bookmark: _Toc511299102]RAN2 to discuss the following on the reference altitude: 
· [bookmark: _Toc511222261][bookmark: _Toc511222644][bookmark: _Toc511299103]Whether ground altitude can also be sent instead of threshold altitude
R2-1805158 (Sony) propose that reference altitude should be sent both on SIB and RRC and it is supported in R2-1805192 (Lenovo). While the current agreement is to provide reference altitude to UAV UE (which means that not to all UEs), we can further discuss whether it is needed to provide this in SIB message. In R2-1805522 (CMCC), it is mentioned that cell reselection parameters in the RRC_IDLE mode can be tuned based on reference altitude. 
[bookmark: _Toc511222262][bookmark: _Toc511222645][bookmark: _Toc511299104]In addition to dedicated message (RRC dedicated), RAN2 to discuss whether there is a use case in which reference altitude should be provided in broadcast message (SIB).

2.2.2 Triggering of air-borne status indication 
This section is on what triggers the UE to send the report indicating flight-mode/altitude (see Section 2.2.3 for what is included in the report).  Although there are no explicit proposals on network-polling and periodic reporting, it has implicitly been assumed in the related discussion papers. In summary, there are three possible approaches:
1. Request/response: UE sends the report based on polling where network sends request and UE replies with flight mode/altitude. 
2. Event based triggering: UE sends the report when a relevant-event is triggered. Support: Sony (R2-1805156), Ericsson (R2-1805628), Docomo (R2-1806042)
Proposals: 
a. Event-triggering based on barometric pressure (Ericsson, R2-1805628)
b. Event-triggering of location reporting with condition related with DL interference detection (Docomo, R2-1806042)
c. Measurement reporting based on interference-detection might not be enough (R2-1805277)
3. Periodic reporting 
Once the air-borne status is detected, to reduce latency, R2-1805628 (Ericsson) and R2-1806042 (DCM) propose an event-triggered based reporting. Event triggering enables network to receive indication from UE when airborne status changes Based on the papers, we propose:
[bookmark: _Toc511299105]For triggering of air-borne status indication, RAN2 to discuss among
a. [bookmark: _Toc511299106]A network-polling based approach
b. [bookmark: _Toc511299107]An event-triggered based reporting approach
c. [bookmark: _Toc511299108]A periodic reporting approach

2.2.3 Airborne-status indication definition
There are proposals that UE should explicitly signal an air-borne status 
1. UE explicitly signals an airborne status, based on network configurations (e.g., reference altitude): 
For: LG (R2-1806138), Qualcomm (R2-1805773), Lenovo (R2-1805192)
Against: Nokia (R2-1805276)
2. UE sends measurement (e.g., pressure, altitude, RSRP/Q, etc). Support: Ericsson (R2-1805628) 
[bookmark: _Toc511222269][bookmark: _Toc511222652]
It is mentioned that the network will configure UE to help identifying its flying status (in addition to that rotors have reached a certain RPM in R2-1805773 from Qualcomm). The discussion is more on whether UE can include explicit air-borne status in the form of an auxiliary information provided to the network.  
[bookmark: _Toc511222270][bookmark: _Toc511222653][bookmark: _Toc511299109]RAN2 to discuss whether an explicit status indication can be sent in the report as an auxiliary information in addition.
Concerning the reliability of UE-based solution, a network-based solution with the help of MDT is proposed in CMCC (R2-1805521). The MDT solution gathers measurement results and location information which may differ for air-borne UEs and terrestrial UEs so that the network may identify. 
The network-based solution does not conflict with UE-based solutions, instead it will help in more accurate indication and “rogue” UE (without permission for airborne operation) detection.
[bookmark: _Toc511299110]RAN2 to consider MDT-based airborne-status indication as an option.
2.2.4 DL Interference detection:  
Currently, companies have proposed an interference detection event that triggers by:
1. N cells fulfilling already existing events: 
For: Docomo (R2-1806042): No specific event. Example CR in R2-1805993. 
Nokia (R2-1805277): A3 or A4 event
Ericsson (R2-1805611): A3 event
Huawei (R2-1805121): No specific event 
Against: Intel (R2-1804891) and Lenovo (R2-1805192), Interdigital (R2-1804826)
2. Sum of RSRPs of multiple cells:
For: Intel (R2-1804891), sum of RSRP or sum of RSRPs that are above a threshold
Lenovo (R2-1805192)
Against: Nokia (R2-1805277), Ericsson (R2-1805611) 
3. Others: 
LG (R2-1805771): Report cells before end of TTT if the number of triggered cells is above a threshold or the sum of neighbour cell quality is above the threshold.
Interdigital (R2-1804826): Interference detection based on path loss

For the discussion to define the new event based on number of cells versus sum of cells, there seems to be more companies supporting the number of cells option. Further, R2-1805277 (Nokia) and R2-1805611 (Ericsson) also have simulation results to show that the solution “sum of RSRP” have certain drawbacks. Thus, it is proposed to RAN2 to take stage-2 agreement to modify existing event reporting options to accommodate the number of cells option. 
[bookmark: _Toc511222274][bookmark: _Toc511222657][bookmark: _Toc511299111]RAN2 to agree on interference detection event based on the number of triggered cells.
[bookmark: _Toc511222275][bookmark: _Toc511222658][bookmark: _Toc511299112]Work on stage-3 details in the running 36.331 CR, discuss adopting the part of R2-1805993 relating to numberofTriggeringCell as baseline.
Docomo (R2-1806042) has further proposed to piggyback air-borne status/height in the measurement report for DL interference detection event

2.2.5 Forwarding of flight status from source to target eNB
It is proposed in LG’s R2-1806138 that, to share the airborne status of the aerial UE between source cell and target cell, the airborne status information should be transferred by inter-node signaling message, similar to for example how UE reported IDC-indications, and UE reported RRM-measurements are sent from the source to the target. These are included in the HandoverPreparationInformation message sent from the source to the target.
The HandoverPreparationInformation message contains the following candidate IEs in which the airborne status information could be included:
1. AS-Config
2. RRM-Config
3. AS-Context
AS-Config shows how the UE’s RRC configuration looks like in the source eNB, and may not be a good choice. RRM-Config contains for example measurements the UE has provided to the source eNB, which could be one good candidate. AS-Config contains for example the IDC-indication MBMS-interest indication, Power Preference Indication (i.e. things which the UE has indicated to the eNB), and could also be a good candidate. Depending on what type of information RAN2 decides that the airborne status information should comprise, RAN2 may decide whether to include it in either the RRM-Config or in the AS-Context.
[bookmark: _Toc511222276][bookmark: _Toc511222659][bookmark: _Toc511299113]The UE’s airborne status info is added to the HandoverPreparationInformation message.

2.2.6 Others:
Other proposals under this AI: 
MDT for air-borne status indication (CMCC)
Airborne status/height indication upon RRC connection setup (Ericsson)
Network exchange information (Huawei) 
New event C3; CSI-IM better than threshold (DCM)
eNB Tx power is signalled (Interdigital)

To discuss these topics, we suggest treating the papers.

2.3 AI 9.18.3 Mobility enhancement for connected mode
List of papers submitted or related to this AI.

R2-1804652, R2-1805121: Huawei
R2-1805771, R2-1806135, R2-1806136: LG
R2-1805610, R2-1805624, R2-1805625, R2-1805626, R2-1805633, R2-1805634: Ericsson
R2-1804891 (submitted in 9.18.4): Intel
R2-1805155, R2-1805157: Sony 
R2-1805610: Ericsson
R2-1805190: Lenovo
R2-1805522: CMCC
R2-1806067 (moved from 9.18): NTT DOCOMO
R2-1803384 (moved from 9.18): Fraunhofer

2.3.1 Controlling amount of measurement reports and report size

As discussed in Ericsson (R2-1805610), 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. However, as stated in Ericsson (R2-1805610), Intel (R2-1804891) submitted to 8.18.4 and Huawei (R2-1805121) submitted to 9.18, the number of reports should be limited. As stated in Ericsson (R2-1805610) and Intel (R2-1804891), the first report should be sent timely.

[bookmark: _Toc511299114] 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).

In order to progress on details of reducing the number of measurement reporting, it is suggested to treat the relevant papers.
In Huawei (R2-1804652), Sony (R2-1805157), Lenovo (R2-1805193) the report size is proposed to be increased to accommodate more than 8 RSRP values.
[bookmark: _Toc511299115] RAN2 to discuss if the the maxReportCells needs to be increased.

2.3.2 Height-dependant tuning of parameters:
In NTT DOCOMO (R2-1806067), Huawei (R2-1804647), LG (R2-1806135), it is proposed to scale the parameter timetotrigger(TTT) that defines when a measurement result is sent by the UE after an event triggers. When UE is airborne it is beneficial to trigger measurement results earlier compared to terrestrial UEs. This is similar to what already exists in LTE specification where TTT can be scaled based on a mobility state of the UE, where a mobility state is defined as a number of HOs seen by the UE based on certain configuration. 
In Ericsson (R2-1805610), two distinct reporting configurations can be configured to airborne and non-airborne UE status with parameter values suitable for airborne and non-airborne UEs respectively. In this way, multiple parameters may be scaled to fit airborne and non-airborne status of the UE and also reporting amount related parameters may be scaled. Especially if increase in report amount is introduced. Report amount could be tied to height via report configuration.
[bookmark: _Toc510740577][bookmark: _Toc511299116]RAN2 to discuss the options of how different measurement related parameters or configurations can be changed according to UE airborne status. 
2.3.3 Flight path plan:
In a joint contribution R2-1805125(Huawei, CMCC, Fraunhofer, Nokia, Lenovo, InterDigital, KDDI), flight-path plan have been discussed as a way of improving the mobility performance. In detail, flight-path plan has been suggested to be able to improve the mobility performance by allowing eNB to prepare handovers and allow for advanced beamforming techniques. The flight path information is suggested to contain a subset or all of the following: flying directions, e.g. a vector located in 3D coordinate axes, and location information of take-off point, landing point (if exists and different from the take-off point) and imminent waypoints along the route, and time stamp associated with imminent waypoints.
In R2-1805624, have been raised whether the flight-path plan is a RAN-topic, but it is recognized that the several companies are for specifying such a solution.
[bookmark: _Toc511222279][bookmark: _Toc511222662][bookmark: _Toc511299117]RAN2 is asked to discuss compromises relating to flight-path plan and whether the allocated time is enough for specifying such a solution for Rel-15.
2.3.6 Others:

To discuss other proposals under this AI, we suggest treating the papers.

2.4 AI 9.18.5 Others
R2-1805627 (moved from AI 9.18.2): Ericsson
R2-1804409 (moved from AI 9.18.3): ZTE
R2-1805194 (Lenovo)
R2-1805772, R2-1806137 (LG)

2.4.1 Connection control
In Ericsson’s R2-1805627 (moved from AI 9.18.2): it is discussed that RAN2 (with help from SA2 and RAN3) are introducing means for the eNB to 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. For this purpose, it is suggested that the extendedWaitTime is used and that drone UEs shall support the extendedWaitTime.
[bookmark: _Toc511222280][bookmark: _Toc511222663][bookmark: _Toc511299118]Aerial UE support the use of extendedWaitTime.

2.4.2 PDCP duplication
ZTE’s R2-1804409 it is discussed that PDCP-duplication can be used to improve for example handover robustness. In the LTE URLLC Rel-15 WI, PDCP-duplication is introduced and will be supported for both DRBs and SRBs. R2-1804409 has some proposals detailed technical proposals on how PDCP-duplication should work for drones, however we suggest that RAN2 should not work on PDCP-duplication within the drones-work item, rather we can rely on the outcome in the URLLC WI.
Something which deserves a discussion within the drones-WI though is whether PDCP-duplication should be a mandatory or optional feature for drones. It is not explicitly mentioned in R2-1804409 what ZTE’s preference is, we propose:
[bookmark: _Toc511222281][bookmark: _Toc511222664][bookmark: _Toc511299119]RAN2 should discuss whether PDCP-duplication is a mandatory or optional feature for drones.

2.4.3 Lack of X2-issue
In Lenovo’s R2-1805194 and Kyocera/KDDI’s R2-1805536 discuss the scenario of lack of X2-interface between the source and target eNB. The scenario is that a drone may see a faraway eNB which normal UEs do not see and hence there may not be an X2-interface between the source and target for a handover of a drone UE. In Kyocera/KDDI’s paper there are some proposals for how to address this issue. We think before RAN2 discuss solutions the scenario as such needs some discussion.
[bookmark: _Toc511222282][bookmark: _Toc511222665][bookmark: _Toc511299120]RAN2 to discuss signaling exchange problems and study the potential solutions

2.4.5 MSE and mobility history for drones
In LG’s R2-1805772 and in LG’s R2-1806137 it is proposed to alter the MSE-calculation and mobility history reporting for drones. To discuss these topic 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	Initiate running 36.331 CR after RAN2#101bis and to have email discussion to incorporate agreements from RAN2#101b in that running CR.
Proposal 2	Wait input from SA2 and RAN3 and then progress the use of identification and overall stage-2 behaviour to be captured in 36.300. After, capture needed stage-3 additions to 36.331.
Proposal 3	RAN2 to discuss the following on the contents of the reference altitude:
o	barometric pressure versus altitude in meters
Proposal 4	RAN2 to discuss the following on the reference altitude:
o	Whether ground altitude can also be sent instead of threshold altitude
Proposal 5	In addition to dedicated message (RRC dedicated), RAN2 to discuss whether there is a use case in which reference altitude should be provided in broadcast message (SIB).
Proposal 6	For triggering of air-borne status indication, RAN2 to discuss among
a.	A network-polling based approach
b.	An event-triggered based reporting approach
c.	A periodic reporting approach
Proposal 7	RAN2 to discuss whether an explicit status indication can be sent in the report as an auxiliary information in addition.
Proposal 8	RAN2 to consider MDT-based airborne-status indication as an option.
Proposal 9	RAN2 to agree on interference detection event based on the number of triggered cells.
Proposal 10	Work on stage-3 details in the running 36.331 CR, discuss adopting the part of R2-1805993 relating to numberofTriggeringCell as baseline.
Proposal 11	The UE’s airborne status info is added to the HandoverPreparationInformation message.
Proposal 12	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 13	RAN2 to discuss if the the maxReportCells needs to be increased.
Proposal 14	RAN2 to discuss the options of how different measurement related parameters or configurations can be changed according to UE airborne status.
Proposal 15	RAN2 is asked to discuss compromises relating to flight-path plan and whether the allocated time is enough for specifying such a solution for Rel-15.
Proposal 16	Aerial UE support the use of extendedWaitTime.
Proposal 17	RAN2 should discuss whether PDCP-duplication is a mandatory or optional feature for drones.
Proposal 18	RAN2 to discuss signaling exchange problems and study the potential solutions
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