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1	Introduction
At RAN2#119bis (October 2022) the following UAV-related agreements have been made [1]:
	Agreements:
1. The time information reported as part of flight path plan is optional. UE includes time info, if configured by the network and available at the UE.  FFS on flight path details (waypoints and what is time information). 
2. Allow the flight path to be updated.  FFS on the details. 
3. FFS on reporting format and initial flight path reporting (i.e. what information to report and how) – next meeting 
4. Continue to study height-depending scaling, triggering and combinations
5. As in LTE, as a baseline, events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells)




At RAN2#120 (November 2022) the following has been agreed on flight path plan [2]:
	Agreements:
1. A waypoint is a planned location for the UE along the flight path and is described via the existing parameter type LocationCoordinates defined in TS 37.355.
2. A timestamp provides the UTC time associated with estimated time of arrival to a waypoint as baseline.  FFS on granularity 
3. No requirements are placed on spatial distribution of waypoints
4. A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message.   Flight path reporting uses at the UE Information request/response procedure as baseline.
5. UE indicates to the network a new flight path is available in the UE (whether it is initial or update). Then, reuse the normal request/response procedure of flight path report.  
6. UAI message can also be used to indicate the UE has flight path availability. 
7. FFS whether and what triggering conditions are specified for flight update.  FFS The maximum number of waypoints within flight path plan is left FFS.



Post RAN2#120 there has been an e-mail discussion aimed at exchanging the views on height-dependent mobility aspects for UAVs [3]. In this paper we focus on UAV’s flight path plan (FPP) aspects and height-dependent mobility related issues.
2	Flight Path Plan
2.1	The role of flight path plan
LTE Rel-15 introduced the support of flight path reporting. For many UAVs the flight route may be predefined and known in advance. If that is the case, then 3GPP-compliant network can take advantage and ask the UAV UE to report such details to gNB. In LTE this is done via UEInformationRequest/UEInformationResponse (see details in [5]) and the UE may report up to 20 waypoints. Each waypoint consists of location information and timestamp, indicating the expected time window within which the UAV UE will visit indicated geo-location. These principles are shown in Fig. 1. In the RAN2#119bis meeting it was agreed to make the time information an optional component of the FPP [1]. It was also discussed what is the actual role of the flight path plan and how the NW uses it (e.g., which protocol layers are involved).
[image: ]
[bookmark: _Ref117854550]Fig. 1 Flight path plan information reporting by LTE UAV UE [4] 
The GSMA (ACJA and GUTMA) have been working on identifying the enablers for BVLOS (Beyond Visual Line of Sight) operations at scale [7][8]. One of the key aspects which has been addressed is how the cellular coverage, and service reliability can be ensured for BVLOS flights. Coverage and flight path data sharing/exchange between MNOs and USS (UAS Service Suppliers) has been marked as a key enabler. The exchange of this information is primarily necessary in the flight planning phase, to determine an optimal flight route/trajectory, whilst during the flight – the context of the RAN2 discussions – the adherence to the flight plan should be monitored at the USS. 
The MNO is still responsible to monitor and provide reliable connectivity along the UAV planned route, even in the situations when radio conditions might change in the cellular network due e.g., traffic load variations. This is necessary such that the USS can take the appropriate mitigation actions, such as replanning of the flight route. In this context, we note that for the monitoring of service quality before and after route (re)planning by the USS, the MNO would greatly benefit from awareness of the actual UAV flight plan. This awareness must be, as much as possible, available in ‘real-time’ to the NG-RAN but does not have to cover the entire flight route of the UAV, just the currently relevant flight segments. This is already partially achievable by using the LTE Release 15 mechanism for flight path reporting.
In [7] the recommendation is to use the so-called Pose Data Structure which “provides a location in space (3D), orientation of an aircraft and time applicable” and includes information on the aquisitionDateTime, position, altitude and orientation. The aquisitionDateTime is defined also as future time stamp value, i.e., used to indicate planned/estimated flight paths. Firstly, this recommended reporting of the location/path information at UAV application level leads to the conclusion that the information required to provide the Pose Data Structure is already assumed to be available at the UAV, else the USS would not authorize the flight mission and be able to track the UAV during the flight. Secondly, having such information available at the UAV means that it can also be used to build the enhanced FlightPathInfoReport which the NG-RAN would then use.
Observation 1: As per GSMA recommendations, a reliable flight path plan availability at the NG-RAN is a key enabler of reliable communication throughout the UAV’s flight.
2.2	Flight path content
In LTE flight path plan report (FlightPathInfoReport) is defined as follows [5]:
FlightPathInfoReport-r15 ::=		SEQUENCE {
	flightPath-r15	SEQUENCE (SIZE (1..maxWayPoint-r15)) OF WayPointLocation-r15	OPTIONAL,
	dummy							SEQUENCE {}							OPTIONAL
}

while the actual WayPointLocation IE can contain these parameters [3]:
WayPointLocation-r15 ::=			SEQUENCE {
	wayPointLocation-r15						LocationInfo-r10,
	timeStamp-r15							AbsoluteTimeInfo-r10		OPTIONAL
}

The maximum number of WayPointLocation, defined by maxWayPoint, is 20, while timestamp is optional. A similar decision on the optionality of the timestamp has been taken at RAN2#119bis [1]. We do not want to prolong this discussion, so we accept this decision, even though in our opinion timestamp is essential for proper NW preparation. As argued in section 2.1, the MNO supporting UAV UEs will be responsible for ensuring reliable connectivity throughout the entire flight path. Thus, knowing not only the locations UAV will visit, but also the approximate time information associated with each location will make the NW aware in advance and able to react if QoS may not be ensured over the entire path.
Observation 2: Timestamp (a.k.a. time information) is an essential part of the flight path plan, enabling the network to take proper decisions regarding radio resource reservation and QoS.
Some opinions expressed at RAN2#119bis stated that UAV UE anyway is not required to be in the reported location within the associated time information (i.e. what if the UAV UE is not there at the previously reported time?). It could be true 3GPP RAN WGs will not work on the binding requirements in this area and the UE’s behavior will be best-effort in this case. However, if the UAV UE discovers the deviation from the initially reported FPP, it should update the network. Moreover, as presented in section 2.1, the USS which controls the UAV flight and mission relies on the flight path/location information received from the UAV, thus this information can be assumed to be reliable and also for 3GPP RAN purposes.
Observation 3: Even though there may be no RAN-level UAV UE requirement for being present in the reported location within the associated time information, the deviation from the initially reported FPP should be reported to the network.
In our opinion, the number of waypoints is not that critically important as is their exact definition and meaning. 
Observation 4: Proper definition of waypoints is more significant than the number of waypoints the UE shall report.
As we have already pointed out also in [4], in LTE Rel-15 there is nothing determined with respect to e.g., how the waypoints are spaced in time/location and in fact the UE could even report 20 times the same value. This issue has not been addressed at RAN2#120, on the contrary – it has been agreed there will be no spatial requirements regarding how the waypoints are distributed. Thus, there will be no requirement that among those waypoints there needs to be the one representing the start or destination, while in our opinion, these two locations may give some overall knowledge on the expected UAV flight path, at least locally, and valid for a limited time window. For example, the start-/end- info could be linked to a shorter or longer time window, estimated at the UAV, and depending on the UAV application implementation and/or flight mission. Under this assumption, we consider it is reasonable and useful, the FlightPathInfoReport at minimum shall contain two waypoints with mandatory timestamps as estimated by the UAV application. Any other additional waypoints, between start and end, if included in the FlightPathInfoReport can optionally include the timestamp information when the includeTimeStamp is set to TRUE in the flightPathInfoReq.
Observation 5: Due to the decision not to define requirements for spatial distribution of waypoints, the network has no guarantee whatsoever that the content of FPP will be meaningful for any decisions regarding radio resource reservation and QoS. 
Due to these circumstances, we would still insist on having at least two clearly defined waypoints in FPP (start and destination). The remaining N-2 points (where N is the maximum number of waypoints per FPP) can be optionally included in the flight path report and may not have spatial or temporal requirements.  
Proposal 1: Flight path plan in NR Rel-18 distinguishes the start- and end-related waypoints from other reported waypoints. These waypoints contain timestamp. Other remaining timestamps may have no spatial or temporal requirements.
The discussion on the total number of waypoints has been left FFS at RAN2#120. It is not the most urgent thing to resolve (can be addressed during Stage-3 discussion). On the other hand, we are not sure what kind of factors shall be considered for making such decision, if FPP has no solid definition, no requirements concerning its content, etc. In LTE it was decided to support up to 20 waypoints, but the justification behind this number is rather vague. It is hard to say if the same number would be appropriate for Rel-18 NR, so before deciding, RAN2 shall take into account the following aspects:
· What is the expected flight duration and length of the route?
· What UAV’s velocity is supported?
· How far ahead the network needs to know UAV’s FPP?
Proposal 2: Before deciding on the maximum number of waypoints RAN2 considers the following aspects:
· What is the expected flight duration and length of the route?
· What UAV’s velocity is supported?
· How far ahead the network needs to know UAV’s FPP?
Even if we distinguish between the start- and end- related waypoints, all the reported waypoints can use the same format, including LocationInfo and AbsoluteTimeInfo, as in LTE Rel. 15. The LocationInfo (-r10) contains sufficient level of details (including location uncertainty ellipsoids and horizontal/vertical velocities) to make the wayPointLocation information useful and reliable. The AbsoluteTimeInfo(-r10) specifies the timestamp in absolute format and is easy to translate it at the gNB/RAN side to UTC time format as in the GSMA proposed aquisitionDateTime (part of the Pose Data Structure, see section 2.1). One modification to the LTE Rel. 15 specifications of the FlightPathInfoReport would be to mandate the inclusion of the start- and end- waypoints with their timestamp information, regardless of the includeTimeStamp setting in the flightPathInfoReq.These are also compliant with the latest decisions taken at RAN2#120, where LocationCoordinates IE and absolute UTC value shall be given for waypoint and timestamp, respectively.
Proposal 3: Waypoints can use similar IEs as defined in LTE: LocationCoordinates and AbsoluteTimeInfo.
2.3	Flight path reporting
In LTE Rel-15, a typical UE can only indicate that it has a flight path to report through:
· RRCConnectionSetupComplete, 
· RRCConnectionReconfigurationComplete
· RRCConnectionReestablishmentComplete. 
The gNodeB can then query for the flight path using a UEInformationRequest with a FlightPathInfoReportConfig, and the UAV UE would respond with a UEInformationResponse containing the FlightPathInfoReport shown in Section 2.2.  No mechanism other than changing cells or losing the connection with the serving cell is available for the UE to report a flight path, although the gNodeB could, theoretically, request a new flight path without such a trigger.
The following excerpts from [3] show the UEInformationRequest and FlightPathInfoReportConfig, optionally included.
UEInformationRequest-v1530-IEs ::= SEQUENCE {
	idleModeMeasurementReq-r15			ENUMERATED {true}					OPTIONAL,	-- Need ON
	flightPathInfoReq-r15				FlightPathInfoReportConfig-r15		OPTIONAL,	-- Need ON
	nonCriticalExtension				UEInformationRequest-v1710-IEs		OPTIONAL
}

FlightPathInfoReportConfig-r15 ::= SEQUENCE {		
	maxWayPointNumber-r15				INTEGER (1..maxWayPoint-r15),
	includeTimeStamp-r15				ENUMERATED {true}					OPTIONAL
}

For NR it has been recently agreed to support the same messages as mentioned above for LTE and additionally also the RRC Resume Complete message (i.e. used when UAV UE moves from INACTIVE to CONNECTED). It has been also agreed that the UAV UE will be able to report flight path plan when it needs to be updated/refreshed (i.e. for cases other than four messages listed above). However, the exact triggering conditions and the message used for such indication reporting remain to be decided. One suggestion made at RAN2#120 is to take advantage of the UE Assistance Information (UAI) which is also used in multiple similar cases, such as sharing the overheating status or the UE’s preference on SCG deactivation. As the indication of new flight path availability may require just a single bit, it can be conveyed via UAI.
Proposal 4: Use UE Assistance Information for indicating to the network that new flight path plan is available.
When it is clear how to report this indication, it needs to be also decided under what condition UE is allowed to trigger the UAI reporting for this purpose. It is beneficial if the NW is informed about substantial updates to flight path plan, but we are not sure if any, even smallest, change shall be used as a trigger for such reporting. We also do not expect the flight path plan will change very often and significantly. We suggest considering the time-based triggering (e.g. if the time since the previous reporting is greater than threshold, UE is allowed to report). Distance-based triggering should also be considered to cover the situation when a UE has deviated from the flight path by some distance threshold in a time period shorter than a time-based trigger might be able to handle.
Proposal 5: Consider time-based triggering of flight path plan update reporting, e.g. if the time since the previous reporting is greater than threshold and distance-based triggering, e.g. if the UE has deviated some distance from the flight path, then UE is allowed to send the indication.  
3	Height-dependent Mobility Aspects
In this section we want to express our views regarding height-dependent mobility actions, as also discussed in [3]. Some proposals have been made via [2], but there were also several FFSs listed:
	Proposal 1: When event H1 or H2 triggers, the content of the measurement report is configurable by the network (i.e. it can contain UAV UEs height, CommonLocationInfo and RSRP/RSRQ measurement results). FFS whether UAV UE’s height is mandatorily reported. FFS which parameters from CommonLocationInfo are needed for UAV UEs.   
Proposal 2: Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV. FFS the details (e.g. whether new event or the combination of existing events is used).
Proposal 3: Height-dependent parameter scaling is not supported as a part of Rel-18 NR.
Proposal 4: Discuss the following aspects before enabling more than a single configuration (e.g. RRM configuration), each for a specific height region:
a) What happens with UE’s filters, variables, etc. when the switch between configurations happens? Is the behavior different than the one already specified e.g. for cell change?
b) Is there a mismatch between what the NW is aware of and the actual configuration the UE uses?
c) The benefit of multiple configurations versus H1/H2 reporting to the NW and waiting for the new configuration
d) Can the NW know and properly configure the LOS/NLOS boundary?



3.1 Reporting UE’s height
If Proposal 1 from [3] is agreed directly then the content of the H1/H2 report is fully configurable (i.e. there is no mandatory element, UE reports height, location or measurements if it is configured to do so). There were some opinions shared that at least UE’s height should be mandatorily present as this is a height-dependent event. On the other hand, in our understanding the NW will know what H1 and H2 triggers were set, so it will (roughly) know the current UAV UE’s height when the measurement report is sent. This may not be as accurate as reporting an exact height value (but it will just tell the NW that UE’s height has crossed the threshold in particular direction).
Observation 6: The network will roughly know UAV UE’s height when measurement events H1 or H2 result in reporting as the network knows what height thresholds it has configured. 
In LTE Rel-15 the UE can be configured to report the following as a part of MeasResults [5]:
		heightUE-r15						INTEGER (-400..8880)		OPTIONAL

As can be noticed, if heightUE is to be reported each time MR is sent and the same range as defined in LTE is supported in NR then 9280 different INTEGER values need to be represented which translates into 14 bits per single value. This is perhaps not an excessive bit consumption, but it shall be also assessed how much the network gains if such value is sent explicitly as a part of MR.
Observation 7: LTE’s heightUE requires 14 bits, so RAN2 needs to decide if such bit expense is worth supporting in NR.
3.2 Content of CommonLocationInfo
As per [9], CommonLocationInfo is defined as follows:

CommonLocationInfo-r16 ::= SEQUENCE {
    gnss-TOD-msec-r16          OCTET STRING     OPTIONAL,
    locationTimestamp-r16      OCTET STRING     OPTIONAL,
    locationCoordinate-r16     OCTET STRING     OPTIONAL,
    locationError-r16          OCTET STRING     OPTIONAL,
    locationSource-r16         OCTET STRING     OPTIONAL,
    velocityEstimate-r16       OCTET STRING     OPTIONAL
}

We need to decide which of those are needed in UAV UE’s measurement report. At the minimum the network shall be informed on UAV UE’s locationCoordinate, which can at least contain latitude and longitude. In addition, as the UAV UE is in motion, it would be desirable if velocity is also reported. The latter should contain both horizontal and vertical components (e.g. HorizontalWithVerticalVelocity IE).
Proposal 6: CommonLocationInfo reported by UAV UE contains at least the locationCoordinate and velocityEstimate.  
3.3 Joint triggering of H1/H2 and Ax
In [3] it has been raised that Ax reporting could be height-specific. To achieve that, height-dependent condition needs to be linked with the condition related to Ax event. There are two ways how this can be done:
1) Use standalone H1/H2 and standalone Ax events. Combine them for measurement report triggering, or
2) Define a new event which combines both aspects (i.e. height and RSRP/RSRQ/SINR)
At first sight the difference may not be large. However, the latter option has bigger specification impact and creates a new measurement event. The first option, though, will have to follow e.g. conditional handover where two condExecutionCond could be configured and point to different MeasIds. In case of H1/2 and Ax a similar definition would be needed – two different measIDs leading to a joint measurement reporting.
Proposal 7: RAN2 to consider reusing H1/H2 and Ax events, but combine them (e.g. by using two ReportConfigNR IEs) to trigger measurement reporting only when both are fulfilled.  
3.4 Multiple height-dependent RRM configurations
Here we would like to discuss the open points underlined during [3] when multiple height-dependent configurations have been considered. The first thing is UE’s filters, variables when the switch between configurations happens. As it was raised by one of the companies – it is difficult to specify how the UE shall behave if it switched between one configuration and another with respect to the variables or filtering it uses. However, in our view, this is not much different than the behavior we already have for cell switching purposes, where the UE will also reset part of its configuration, clear some variables. Similar switching happens for normal and relaxed measurement requirements, etc. We will obviously have to decide which part of the configuration shall continue and which is to be dropped/initiated from scratch. 
Observation 8: When the UE switches between the configurations it follows similar principles as already known for applying new configuration in different cases, such as cell change. It is of course for further study what changes are essential. 
Regarding the mismatch between what the UE uses and what the NW is aware of, raised in one of the comments in [3], the problem may exist, but in our view the UE, once the new config is applied, it sends the indication to the network. By doing this both sides are in sync. This has the obvious advantage in comparison to the existing framework that there is no delay from the UE reporting and subsequent reconfiguration message prior to when the UE can start using a new configuration. Instead, the UE applies the configuration instantly and just indicates this fact to the gNB.
It has to be also underlined that the problem of ‘’mismatch’’ is a bit exaggerated and both configurations originate from the gNB. So the gNB is aware the UE could be using either of them. Thus, no big issue actually exists. 
Observation 9: The so-called ‘’configuration mismatch issue’’ is not a genuine problem as the UE uses either first or the second configuration and both of them originate from the network.
Proposal 8: In order to avoid the ‘’mismatch’’ between the NW and the UE in terms which configuration is currently applied, the UE indicates the configuration switch to the NW.
It is hard to expect an NR network will know the exact propagation map for the whole coverage it provides. However, the MNOs know where their cells are deployed (e.g., is it a rural or urban environment, what heights the surrounding buildings have, etc.). Thus, the gNB can be aware of the approximate border between the mix of NLOS/LOS (characteristic to below roof-top) and the LOS conditions (above the roof-top). The same assumption has been made when events H1 and H2 were defined in LTE – the NW can set proper thresholds for those events, as the NW is aware which altitude is significant in certain cell area. 
Observation 10: Events H1 and H2 have been defined with the assumption the network knows which altitude is of its interest to trigger the reporting. 
Thus, we think more trust should be put into the network/MNOs and let them configure specific height or altitude, to be used in deciding when to switch the configuration.
Proposal 9: NW sets the height threshold value for deciding when new configuration shall be applied by the UE. This height threshold can be related to the rooftop height which can be the border between the mix of NLOS/LOS and LOS conditions in the cell.   
4	Conclusion
In this document we have made the following proposals and observations:
Observation 1: As per GSMA recommendations, a reliable flight path plan availability at the NG-RAN is a key enabler of reliable communication throughout the UAV’s flight.
Observation 2: Timestamp (a.k.a. time information) is an essential part of the flight path plan, enabling the network to take proper decisions regarding radio resource reservation and QoS.
Observation 3: Even though there may be no RAN-level UAV UE requirement for being present in the reported location within the associated time information, the deviation from the initially reported FPP should be reported to the network.
Observation 4: Proper definition of waypoints is more significant than the number of waypoints the UE shall report.
Observation 5: Due to the decision not to define requirements for spatial distribution of waypoints, the network has no guarantee whatsoever that the content of FPP will be meaningful for any decisions regarding radio resource reservation and QoS. 
Proposal 1: Flight path plan in NR Rel-18 distinguishes the start- and end-related waypoints from other reported waypoints. These waypoints contain timestamp. Other remaining timestamps may have no spatial or temporal requirements.
Proposal 2: Before deciding on the maximum number of waypoints RAN2 considers the following aspects:
· What is the expected flight duration and length of the route?
· What UAV’s velocity is supported?
· How far ahead the network needs to know UAV’s FPP?
Proposal 3: Waypoints can use similar IEs as defined in LTE: LocationCoordinates and AbsoluteTimeInfo.
Proposal 4: Use UE Assistance Information for indicating to the network that new flight path plan is available.
Proposal 5: Consider time-based triggering of flight path plan update reporting, e.g. if the time since the previous reporting is greater than threshold and distance-based triggering, e.g. if the UE has deviated some distance from the flight path, then UE is allowed to send the indication.  
Observation 6: The network will roughly know UAV UE’s height when measurement events H1 or H2 result in reporting as the network knows what height thresholds it has configured. 
Observation 7: LTE’s heightUE requires 14 bits, so RAN2 needs to decide if such bit expense is worth supporting in NR.
Proposal 6: CommonLocationInfo reported by UAV UE contains at least the locationCoordinate and velocityEstimate.  

Proposal 7: RAN2 to consider reusing H1/H2 and Ax events, but combine them (e.g. by using two ReportConfigNR IEs) to trigger measurement reporting only when both are fulfilled.  
Observation 8: When the UE switches between the configurations it follows similar principles as already known for applying new configuration in different cases, such as cell change. It is of course for further study what changes are essential. 
Observation 9: The so-called ‘’configuration mismatch issue’’ is not a genuine problem as the UE uses either first or the second configuration and both of them originate from the network.
Proposal 8: In order to avoid the ‘’mismatch’’ between the NW and the UE in terms which configuration is currently applied, the UE indicates the configuration switch to the NW.
Observation 10: Events H1 and H2 have been defined with the assumption the network knows which altitude is of its interest to trigger the reporting. 
Proposal 9: NW sets the height threshold value for deciding when new configuration shall be applied by the UE. This height threshold can be related to the rooftop height which can be the border between the mix of NLOS/LOS and LOS conditions in the cell.   
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