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 Introduction
In last RAN2 meeting, there were some discussions about flight path reporting for NR UAV and agreements were achieved as follows [1]: 
Agreements:
1. Flightpath update indication in UAI is configurable by the network
2. Maximum number of waypoints is set to 20 same as in LTE and number of waypoints is configurable by network as in LTE
3. Flightpath information should be forwarded from source gNB to target gNB during handover. Send LS to RAN3 to check for feasibility [LS to RAN3 over email 307]
4. As a baseline, we can consider a simple network control mechanisms (e.g. a threshold(s)) that controls triggering the flightpath update indication in UAI. FFS if new threshold or the kind of threshold(s) 
5. As a baseline, single indication is used for both initial and updated flightpath available (i.e. same flag is used for initial and updated flight path indication.  FFS if further differentiation is needed if we decide to have delta signaling 
In this contribution, we would like to provide the some considerations about the remaining issues mentioned above and possible mobility enhancements for flight path reporting enhancements for NR UAV.
 Discussion
2.1.1 Delta Flight path reporting
In last RAN2 meeting and the email discussion [2], there are some discussions on delta flight path reporting with no convergence. And proponents and opponents are almost evenly divided, proponents indicate that with the delta reporting, it is beneficial for signaling overhead reduction, while opponents point out that flight path change most likely will be entire path update. From our perspective, both whole flight path and delta flight path are feasible, and we could leave it to implement. For example, if there is updated flight path at UE side, UE could decide itself to report the whole flight path or delta flight path just including the changed content based on the size of the changed flight path content. 
Proposal 1: Reporting whole or delta flight path after updated could leave to implement.
2.1.2 Threshold for Flight path updated
Then regarding the flight path updated triggering, we have reached the agreement that as a baseline, we can consider a simple network control mechanisms (e.g. a threshold(s)) that controls triggering the flightpath update indication in UAI. FFS if new threshold or the kind of threshold(s). To be simple, the kinds of threshold((e.g. time, distance, number of waypoints)) is enough, no new threshold is needed. Any change to an entry in the FlightPathInfoReport IE could be used to trigger the flight path update. 
Proposal 2: It is proposed that the kinds of threshold((e.g. time, distance, number of waypoints)) is enough to help trigger flight path updated, no new threshold is needed.
2.1.3 Flight path available indication
As a baseline, we have agreed that a single indication is used for both initial and updated flightpath available. And FFS if further differentiation is needed if we decide to have delta signaling. From our point of view, even in the delta flight path reporting case, the single indication could still work well. As we mentioned in section 2.1.1, whole or delta flight path reporting could be up to UE implementation, after sending the flight path available indication to network, UE reports whole or just delta flight path based on the size of the changed flight path content.
Proposal 3: It is proposed a single indication is sufficient, even in the delta flight path reporting case.
2.1.4 Waypoints aspects for flight path plan 
And we agreed the maximum of number of waypoints is set to 20 number of waypoints is configurable by network as in LTE. In addition, the specific granularity of the waypoints (i.e. the distance between consecutive points) is not defined in existing spec., which may be beneficial for NW scheduling. For example, with the more accurate waypoints distribution, NW could pre-configured resources for UAV UE as well as schedule the UAV UE properly. However, considering the high speed movement of the UAV UE, it may be not easy to provide real-time update or valid waypoints granularity. Therefore the specific granularity of the waypoints could be up to UE implement. 

FlightPathInfoReport-r15 ::=		SEQUENCE {
	flightPath-r15	SEQUENCE (SIZE (1..maxWayPoint-r15)) OF WayPointLocation-r15	OPTIONAL,
	dummy							SEQUENCE {}							OPTIONAL
}

WayPointLocation-r15 ::=			SEQUENCE {
	wayPointLocation-r15						LocationInfo-r10,
	timeStamp-r15							AbsoluteTimeInfo-r10		OPTIONAL
}

Proposal 4: It is proposed to that the specific granularity of the waypoints could be up to UE implement. 
2.1.5 Flight path for mobility
· Downlink Interference
· The UAV received a large number of neighboring areas in the air, and the number of neighboring areas was more than a dozen, resulting in a downward average SINR of about 0db.
· Uplink Interference 
· The uplink of the UAV to the surrounding multiple base stations is the LOS path, and the uplink service of the UAV terminal will interfere with the uplink performance of the ground users in the neighboring neighboring areas. For traditional terrestrial UE power control, only the path loss and SINR of the local area are considered, and the interference to the neighboring area is not considered. 
· Fluctuated Antenna Gain and Frequently Deep Fading due to Side Lobes 
· The sidelobes give rise to the phenomenon of scattered cell associations particularly noticeable in the sky, as shown in the following figures (i.e., a map of the serving cell which is “seen” by drone UEs at four different altitudes of the simulated deployment, respectively in 1.5m, 50m, 100m and 300m). The UE cell association is based on strongest received signal power, i.e., each position is associated with the cell from which the strongest signal is received at that position. The cell association pattern in this particular scenario becomes fragmented especially at the height of 300m and above.
[image: ][image: ]
[image: ][image: ]
Figure 4: Serving Cell distribution for drone UEs at four different altitudes in UMa
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Figure 5: Vertical radiation pattern of eNB antenna  &     Antenna gain at 100m altitude
Therefore, for terrestrial UEs, the strongest cell is in general from the closest eNB, even though the shape is not very smooth due to the shadow fading. However, for a drone UE, it is possible to be served by a sidelobe of some neighbour eNB far away from the drone UE instead of the main lobe of the closest eNB. The coverage of a given cell is fragmented into several small parts but not a continuous coverage. Especially, when the height of the drones reaches 300m, the shape of the serving cell is like the ripple spreading far away. Therefore, the situation of radio condition is possibly degraded, results in more handover number and more HOF rates, although the UE will almost always have a LOS connection to the base station due to lack of obstructions at flying altitude. 
Thence, observations from field trials on RSRP/RSRQ and other measurements
· The radio environment including the RSRP, RSRQ and RSSI characteristics of aerial UE in the air are different from terrestrial UEs at ground level.
· RSRQ in general decreases for airborne UEs with increase in altitude compared to terrestrial UEs. 
· RSSI is in general higher for airborne UEs compared to terrestrial UEs and the average RSSI increase
However, in LTE, only flight reporting is approved under the agenda of “Mobility Enhancement”, no further enhancement had been agreed. 
Furthermore, nowadays, UAVs can be used in a wide range of applications, with innovators constantly identifying new, beneficial applications for UAS – goods delivery, infrastructure inspection, search and rescue, agricultural monitoring. Correspondingly, the requirements of UAV communication are different in diverse applications, including coverage, data rate and latency. In order to avoid the negative impact on terrestrial UE, current LTE UAV mechanism is basically conservative with restricted QoS performance. Hence, further improvement in NR is needed to meet the requirements. 
As illustrated above, the radio environment including the RSRP, RSRQ and RSSI characteristics of aerial UE in the air are different from terrestrial UEs at ground level. That is, RSRQ in general decreases for airborne UEs with increase in altitude compared to terrestrial UEs. Moreover, in LTE, only flight reporting is approved under the agenda of “Mobility Enhancement”, no further enhancement had been agreed.
A straightforward way to improve the aerial coverage performance is to introduce additional antenna which directions are to the air. However, these demands upgrade or replace the existing hardware, such as deploying dedicated RAN for drones or Massive MIMO antenna to provide special beams pointing to aerial objects, which has to cost large expense for equipment and constructions. 
Therefore, we could consider mobility enhancements based on for example flight path information or UAV height. And in last RAN2 meeting we have agreed to forward the flight path information from S-gNB to T-gNB for handover enhancements. Maybe we could consider further enhancements, such as that network could provide several more accurate CHO configurations corresponding to different waypoint or UAV height value, which is beneficial for resource overhead reduction and UE power consumption reduction.
Proposal 5: Suggest RAN2 introduce additional mobility enhancement(e.g. CHO) utilizing the flight path information or UAV height.
3 Conclusions
Based on the discussions mentioned above, in this contribution we provide some discussions on flight path reporting enhancements for NR UAV and have the following proposals:
Proposal 1: Reporting whole or delta flight path after updated could leave to implement.
Proposal 2: It is proposed that the kinds of threshold((e.g. time, distance, number of waypoints)) is enough to help trigger flight path updated, no new threshold is needed.
Proposal 3: It is proposed a single indication is sufficient, even in the delta flight path reporting case.
Proposal 4: It is proposed to that the specific granularity of the waypoints could be up to UE implement. 
Proposal 5: Suggest RAN2 introduce additional mobility enhancement(e.g. CHO) utilizing the flight path information or UAV height.
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