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1	Introduction
During RAN2#101 meeting, the following agreement was achieved regarding location and path information [1]:
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.

And in RAN2#101b, it was agreed that the flight path information provided from UE to eNB through RRC is supported. The agreements are following [2]:
Agreement
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.

And it was agreed to have an email discussion to discuss the issue, as shown in the below email discussion scoping statement:
[bookmark: OLE_LINK2][101bis#57][LTE/UAV] Flight path information (Huawei)
-	Address FFS on the trigger condition and content of the information
	Intended outcome: report to next meeting
	Deadline: Thursday 2018-05-10
This document collects the views from the email discussion and provides tentative conclusions based on those.
2	Discussion
2.1	trigger condition of flight path information
Several trigger conditions can be considered for flight path information report, such as:
Option A: Upon reception of request message for flight path information from serving eNB.
Option B: existing measurement event, e.g. event A3.  That means when measurement report is triggered by event A3, the flight path information should be included in measurement report.
Option C: handover command. A new request IE can be included in handover command, so after a successful handover a UE should report flight path information.
Option D: Event of UE’s height is above threshold(s) can trigger report of flight path information.

[bookmark: OLE_LINK190][bookmark: OLE_LINK191]Q1：Which trigger condition can be used for reporting flight path information, or if some other trigger conditions can also be considered？ Companies are invited to provide their views in the table below.
	Company
	Views
Which option of trigger condition can be considered?
	More detailed comments or if some other trigger conditions can also be considered?

	Ericsson
	A network-polling based approach, like Option A, can be considered.
	At least a network-polling based approach should be supported. Depending on the content of the flight path information, it can also be beneficial to support periodical reporting after a request from the network.  

Option B and D are related with measurement events. They are not good first candidates for reporting flight path information.
This applies to Option C too.  It is not clear on which message the “flight path information” is going to be sent. From the specification point of view, it is good to separate handover related procedures from sending auxiliary information (such as flight path information).

	Intel
	Option D or Option A 
	We think that at attach to the network with UAV capability sends it to the network, the UE can send path information to the network upon request. 
Option D is also acceptable. When the UE is flying at certain height and include the path information if it support it.

	InterDigital
	Option A and Option D
+ 
Change of flight plan
	Reporting of flight path upon request by the network (Option A) is a good starting point.
If a measurement event based on UE’s altitude crossing a threshold is defined, it could also be useful to support the possibility to transfer the flight path information in that case (Option D).
In addition, it may be considered to have a trigger upon a change in flight plan compared to what has previously reported.

	DCM
	OptionA 

	Option A shall be a base for eNB acquire flight information from aerial UE.
Event triggered type reporting of flight path can be also utilized in case of the change of flight path.

	Fraunhofer
	Option A/ 
Option D and minimum horizontal speed threshold/
Change or update in Flight path information

	Option A would result in network controlled triggering and hence provide more flexibility as the report could be transmitted when required by the network to enhance the Aerial UE mobility performance, especially in the case of HO preparation. As noted by Ericsson, this option also allows the network to initiate periodic reporting of the flight plan in the request message.
Option D does not require any additional signalling overhead in terms of requesting flight path information, as the event is triggered when crossing a certain height threshold. However, this should be coupled with a minimum horizontal speed threshold so that the Aerial UE should not needlessly report flight path information when hovering between different altitudes without any horizontal movement. 
We also agree with InterDigital, that a further event should be triggered when an Aerial UE updates/modifies its flight path plan.
Either of these options can be considered as candidate triggering conditions.

	Lenovo
	Option A
+
Change of flight plan
	We think it is necessary and reasonable to let eNB request flight path information report, whenever eNB cannot obtain the flight path information from core network or eNB do not has flight path information for aerial UE
Besides eNB polling scheme, we think it is necessary to report flight path information triggered by UE, e.g. when flight path information is changed.
For option D, we think it may results in complex discussion and design for height based event, considering currently location information or airborne status indication is triggered by height. Besides, flight path information is not always been reported if it is not changed. Based on height trigger will introduce redundancy reporting for flight path information. So we suggest not consider such option
Furthermore, we see there is necessary to coordinate the flight path information status between eNB and UE, e.g. whether UE has flight path information or not. This is to avoid eNB always request aerial UE to report flight path information even aerial UE do not have such information.

	CMCC
	Option A + D
+
Change of flight path
	Agree with InterDigital.

	LG
	Option A
	The network polling mechanism can be beneficial to support flight path. In addition, to avoid frequent reporting from UE in mobility, the flight path information would be better to be transferred by eNBs. Thus, UE would not repeat reporting whenever serving cell changes.

	Qualcomm
	Option A, also change of flight plan
	Our understanding is the flight plan is not a real-time report, it is rather pre-determined. So, agree with DCM and Lenovo: we think network can poll it or, in some circumstances where the plan changes, UE may report.

	KDDI
	A network-polling based approach, like Option A, can be considered.
	Same view as Ericsson

	Huawei
	Option A
+ 
Change of flight plan
	Due to the possible large size of flight path information, it is beneficial to be reported following a request from eNB, which can provide the most flexible reporting mechanism and the procedure can be under control.
We also see the necessity to report flight path information when it is updated or changed, it can maintain accurate flight path information in eNB side. How to define a change event of flight path can depend on predetermined condition configured by eNB, or it also can be just up to UE implementation. 

	ZTE
	Option A + Change indication from UE
	We think the flight path information should be reported based on the request of NW. In case the flight path information is changed, some kind of change indication can be reported to NW, but it is still up to NW to decide whether to request the flight path information again.

	Nokia
	Option A
	We believe this should be send by the UAV UE upon the request from the eNB. Thus, we think UEAssistanceInformation (where such similar assistance info reporting as overheating indication or SPS periodicity for sidelink traffic already exist) would be a proper place to introduce Flight Path Information. 
Flight Path Information is probably not likely to change very frequently, so we do not think there is a necessity to provide it to the network periodically. Option D makes some sense, if the height threshold is appropriately configured, but can also lead to frequent unnecessary reporting. Thus, Option A is the primary choice.
We also think it should be present in the HO Preparation and provided to the target cell when the HO procedure is being negotiated.



13 companies participated and contributed to this discussion, and the summary of their views on Q1 as follows:
All 13 companies agree to adopt option A. Furthermore, one company suggest to indicate that if flight path information is available in UE side to avoid unnecessary request from eNB, and two companies think it is beneficial to allow the network to initiate periodic reporting of the flight plan in the request message.
No company supports option B.
No company supports option C.
4 companies support option D, and one company consider a minimum horizontal speed threshold as an effective complement to avoid unnecessary reporting. At the same time 3 companies oppose to adopt this option.
Except the four options above, 7 companies think event triggered type reporting of flight path can be also utilized in case of the change of flight path. And one company thinks only a change indication from UE is needed to be reported to eNB, and then eNB can request flight path information again. But one company also points out that how to define the change of flight path is FFS.
Proposal 1: a request message for flight path information from serving eNB can be introduced. The reporting of availability of flight path information and if periodic reporting is allowed can be discussed online further.
Proposal 2: event triggered type reporting of flight path can be also utilized in case of the change of flight path. How to define the change is FFS.

2.2	Content of flight path information
According to the joint paper R2-1805125 [3], several possible contents have been proposed for flight path information, such as the following:
Option A: location information of take-off point, landing point (if exists and different from the take-off point) and imminent waypoints along the route. If a flight path is determined, a UE can report the information in form of a location list.
Option B: 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. If a drone will be flying at a constant speed, it can estimate the exact arrive time for every waypoint.
Option C: flying directions, e.g. vector located in 3D coordinate axes. If a pre-determined flight path doesn’t exist, a drone can report its 3D flying direction so that eNB can forecast its next serving cell.


Q2：Which content can be included in flight path information report, or if some other contents can also be considered？ 
	Company
	Views
Which option of content of flight path information can be considered?
	More detailed comments or if some other contents can also be considered?

	Ericsson
	Option C
	Since the discussion is on sending flight path information on RRC, option A and B are not suitable.  
Flight path is a high-level concept, defined and managed by the drone operator’s flight management system. How and what is downloaded to the drone may depend on the implementation of that software. It is not clear what type of flight path will be accessible for the UE. As listed above, flight paths may be short (e.g., defined by 2 points start-end) or very complex with many waypoints. Providing all this information through RRC does not seem to be a fit.  
Moreover, a practical flight path from UTM can very well be a flight corridor with time-window based waypoints, i.e., we need to define a time-varying 3D shape instead of a line. This would make the list of discussion in Section 2.3 even longer. This high-level information is better to be provided through the core network from the drone operator’s flight management system. 
In addition, the core network may collect and manage a multitude of concurrent flights and use the individual flight paths as a whole for more comprehensive network resource optimization, since the flight path has a wider scope affecting many cells and eNBs. This is cumbersome if the detailed flight paths are sent through RRC. 

Option C, on the other hand, is cleaner and the flying direction is accessible for all drones. From the specification point of view, we can simply extend the information element “locationInfo” (if needed) and re-use the same triggering conditions (if identified to be useful). Also, as pointed out by the rapporteur, eNB can forecast its next serving cell for mobility enhancement as the claimed benefit in the R2-1805125 [3].

In conclusion, Option C, in which the flying direction is sent on RRC from the drone, should be considered. 

	Intel
	Option A or B
	We think it may be simplest to have the starting and ending point to begin with. Mid-way may be also useful so the network may be able to prepare target cell for handover.

	InterDigital
	Option B
	We think the time information can be useful if the flight plan is utilized for handover preparation.

	DCM
	Option A 
	The starting, ending point, and imminent waypoints (or determined location list) can be helpful for selecting the optimized target eNB to handover.

	Fraunhofer
	Option A or Option B 
	Option A or Option B should be supported since these options inform the network of the pre-determined flight route of the Aerial UE while Option C can be considered as a fallback for real time reporting in the event of unavailability of  flight path information.

	Lenovo
	Option B
	Flying directions can be reported in location information, and do not need to be included in flight path information. 
For option A and B, the difference is whether there has time stamp associated with imminent waypoints. We think time stamp is necessary especially when eNB need to judge whether aerial UE is flying a different route compared with the planned flight path. For example, when comparing the aerial UE real location and planned location, eNB needs to have a reference time to do the comparison. If there has no time stamp, eNB do not know which real location is used to compared with planned waypoints.

	CMCC
	Option B
	Time stamp is needed especially for HO preparation. For Option C it cannot reflect path, and can be derived by the information in Option B.

	LG
	Option A or B
	Even though we support A/B, we generally share some concern from Ericsson. We wonder if it is not so practical the aerial UE determines the flight route with the list of locations. Aerial UE may not know or could not report the exact flight path in a fine granularity. In addition, someone may have a concern on privacy.
In our view, zone concept used for V2X can be used for reporting location information of take-off point, landing point and imminent waypoints. We think that reporting location zones could be more practical than reporting exact location points. As specified in V2X, the network could configure how zones look like via system information.

	Qualcomm
	Option A
	Since the flight path is likely pre-planned, it is reasonable to provide start/end and midway points if available. The direction should be available from measurement reports, and we do not think timestamp of future locations will be accurate enough to be useful.

	KDDI
	Option B
	Same view as CMCC

	Huawei
	Option A or Option B 
	Reporting the location list of way points is a clear and simple way of indicating the flight path. And the additional time stamp can be added if the exact arriving timing is predictable, which can help improve the mobility performance even further.

	ZTE
	Option A
	We think option A is enough. For the option B, we think the time stamp for imminent waypoints is hard to estimate and may be changed quite dynamically.

	Nokia
	Option B + Option C
	We agree with some of the preceding opinions that Option C is likely the easiest to implement/specify and already gives the network certain amount of knowledge, e.g. on what could be the next “visited cells”. At the same time – Option B could be the most complex, but provides a detailed and comprehensive information, not only on the direction the UAV UE is heading to, but also gives the exact coordinates of the target + time of visiting certain waypoints (useful in optimizing the mobility, especially if UAV UE cruises at constant, predictable speed) + their coordinates obviously. Thus, we think both should be optionally present within the Flight Path Information.



13 companies participated and contributed to this discussion and the summary of their views on Q2 as follows:
7 companies support option A, while only one company thinks it is not suitable.
9 companies support option B, and one company thinks it is not suitable. Two companies also show their concern about the accuracy of the estimated time stamps.
2 companies support option C.
Considering the potential concern on privacy, one company suggest to introduce zone concept instead of exact location information.

Proposal 3: a location list of waypoints is adopted as the basic content of flight path report.
Proposal 4: the location list of waypoints with time stamps can be an enhanced version of flight path report, and eNB can decide if the time stamp is needed.


2.3	Configuration of flight path information reporting

Based on the conclusion in chapter 2.2, several configurations of flight path information are needed.
If location information of waypoints along the flight path is reported, the following configurations may be needed:
Option A: the number of waypoints
Option B: the interval between adjacent waypoints, e.g. distant interval or time interval.
Option C: if time stamp is required to be reported with every waypoint.
Option D: if flying direction is required to be reported.

Q3：Whether these options of configuration are needed and whether these configurations are suitable？
	Company
	Views
	More detailed comments 

	Ericsson
	Waypoints along the route are not suitable to send on RRC.
	See the responses to Q2. 


	Intel
	It should be just a request message.
	The UE can send whatever information (starting, ending and midpoint) if it supports it. If maximum midpoint is defined, then the UE can send whatever it has up to the maximum midpoint. 

	InterDigital
	Option C
	In addition, Option A could be considered if overhead is a concern. Options B and D seem redundant with providing position of each way point with time stamp.

	DCM
	Option A
	It can be FFS that if the UE report all waypoints it holds, or it can configure the number to report

	Fraunhofer
	Option A
	Option A can be used to configure the maximum size of the report, while Option C can be considered for use by the network (when timestamps associated with each waypoint are required). 

	Lenovo
	Option A, B, C
	We think if aerial UE needs to report flight path information, eNB needs to control the reporting content and format. This is because eNB needs to optimize aerial UE mobility based on flight path information, then the mobility optimization e.g. handover optimization may related to the cell size, ISD of neighbour cell etc. By controlling the flight path information report format and content, eNB can obtain the suitable planned flight route for aerial UE

	CMCC
	Option A + B + C
	Agree with Lenovo. These 3 options together give a complete flight path.

	LG
	Option A +Zone
	Zone concept used for V2X can be applied to Aerial. For providing more practical location information, the aerial UE can determine some identities of the zone (i.e. Zone_id) in which it is or will be located. As specified in V2X, the network could configure how zones look like via system information. We can just re-use the existing zone concept from V2X.

	Qualcomm
	Option A
	Maximum mid-points that the path plan can contain/report, if available.

	KDDI
	Option A + B + C + reporting interval
	To enable periodic “flight path plan “report, “reporting interval” should be configured. 

	Huawei
	Option A, B, C
	The number of waypoints can be used to limit the message size of flight path. And in addition the interval between adjacent waypoints can be configured to control the granularity of the flight path report. 
The availability of time stamp can also be a configuration to include a predicted arriving time if the flying speed is nearly stable.

	ZTE 
	Option A
	We think option A is enough. In addition, we think it would be nice to clarify how to understand the number of waypoints. Does it mean the closest N waypoints or what else?

	Nokia
	Options A + C + D
	Option A is the baseline and the number of those considered waypoints does not have to be massive, to avoid the overhead. 
We think Option B is not necessary and hope it is somewhat straightforward that the UE shall not report e.g. several waypoints associated with exactly the same location/coordinates. Those should be first and foremost separated in space.
Option C is useful, if available, can be also associated with certain waypoints.
Option D is the simplest (as argued by Ericsson) so should be reported in the flight path information, perhaps not even configurable, but always present, if flight path plan is to be reported?
The “zones” or actually flight corridors pointed out by LG sounds interesting and may be beneficial, but likely we do not have sufficient time still in Rel-15 to clarify all the details…


13 companies participated and contributed to this discussion and the summary of their views on Q3 as follows:
There are 11 companies out of 13 supporting option A. One company hope to clarify how to understand the number of waypoints. And one company suggest to use zone concept instead of practical location information.
5 companies support option B, and two companies oppose to adopt this option because Options B seems redundant and unnecessary.
7 companies support option C.
One company supports option D.
At the same time, one company thinks just a request message is enough, and no other configuration is needed. One companies thinks no waypoint is needed to report so no configuration is needed. 
Furthermore, one company suggest that when periodical reporting of flight path is enabled, reporting interval should be configured. 
Therefore, based on the majority’s view, it is proposed: 
Proposal 5: the number of waypoints needs to be configured in fight path report.
Proposal 6: if time stamp is available, it can be an optional configuration in flight path report.

3	Conclusion
Proposal 1: a request message for flight path information from serving eNB can be introduced. The reporting of availability of flight path information and if periodic reporting is allowed can be discussed online further.
Proposal 2: event triggered type reporting of flight path can be also utilized in case of the change of flight path. How to define the change is FFS.
Proposal 3: a location list of waypoints is adopted as the basic content of flight path report.
Proposal 4: the location list of waypoints with time stamps can be an enhanced version of flight path report, and eNB can decide if the time stamp is needed.
Proposal 5: the number of waypoints needs to be configured in fight path report.
Proposal 6: if time stamp is available, it can be an optional configuration in flight path report.

[bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref450865335]4		Reference
[bookmark: _Ref513045061]RAN2#101, Chairman’s Note
[bookmark: _Ref513045116]RAN2#101bis, Chairman’s Note
[bookmark: _Ref513045132]R2-1805125	Introduction of flight path for Aerial Vehicles	Huawei, HiSilicon, CMCC, Fraunhofer,  Nokia, Nokia Shanghai Bell,Lenovo, Motorola Mobility,InterDigital, KDDI	discussion	Rel-15	LTE_Aerial-Core

