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1.  Introduction
In RAN2 meeting #121-bis, the following agreements have been reached regarding flight path report for NR UAVs [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
This contribution a revision of R2- 2303809. Compared to the previous version we analysed a few more technical aspects due to be resolved in RAN2 (i.e. FFSs).
2. [bookmark: _Hlk100497352] Discussion
As agreed in the RAN2 #121-bis meeting, flight path update indication should be controlled. Regarding the threshold for flight path update indication, we think the distance threshold for waypoints, the time difference threshold, and the number of changed waypoints threshold are needed to be considered. Regarding the distance threshold, it is used for controlling the course of the UAV, once the UAV's off-course is greater than the distance threshold, then the UAV triggers the flight path update indication. This can be implemented using a reference point and distance value. Specifically, we assume the distance value is 10m for each waypoint and the reference points are the old waypoints. Once the waypoint in the planned flight path is greater than the distance value, the UAV sends a flight path update indication.
Proposal 1: The distance threshold for waypoints should be considered for the flight path update indication threshold.
The waypoint's corresponding timestamp may also be included in the flight path. Thus, the time difference thresholds also need to be considered as one threshold for flight path update indication. Specifically, time difference threshold is used for controlling the accuracy of the arrival time of the UAV. It can be implemented by time point and duration. For example, assuming the time point is the old timestamp and the duration time is 5 minutes, once the UAV finds the estimated arrival time is late or earlier than the old planned timestamp by more than 5 minutes, it sends a flight path update indication.
Proposal 2: The time difference threshold for the waypoint corresponding timestamp should be considered for the flight path update indication threshold.
Imagine that the total number of waypoints in the flight path is changed, e.g., one waypoint is removed or added to the flight path and the remaining waypoints are not changed. In this case, the number of removed or added waypoints needs to be considered for flight path update indication. Specifically, we assume the number of removed or added waypoints threshold is 1. If more than one waypoint is removed or added, the UAV sends the flight path update indication. Besides, we also needed to consider that one waypoint is added and another one is removed at the same time, i.e., the number of total waypoints is not changed. Even though the total number does not change, the specific waypoint does. Thus, the number of changed waypoint thresholds need to be considered for flight path update indication. 
Proposal 3: The number of changed waypoint thresholds should be considered for the flight path update indication threshold.
The delta report can save the radio resource significantly when the UE updates the flight path, especially when a partial flight path is changed. For example, when the UE needs to add a new waypoint or remove an old waypoint, the delta report is better than reporting the entire flight path. Thus, delta reports should be supported for flight path updates.
Proposal 4: The delta report should be supported for flight path updates, especially partial flight path updates.
Regarding the delta report implementation, a bit map can be used to indicate which waypoint/timestamp is changed. Specifically, a bit map is used to indicate the changed waypoint in flight path. The length of the bit map is the maximum number of waypoints, i.e., 20. From the first bit, each waypoint corresponds to one bit. Once the corresponding waypoint of the bit is changed, the UAV sets this bit as 1, otherwise it is 0. Note that if the number of waypoints in the flight path is less than 20, the bit that there is no corresponding waypoint should be set to 0. 
In order to explain how the bit map works, we give two examples. First, we assume the total number of waypoints has not changed. Once the waypoint or the timestamp is changed, the corresponding waypoint should be set to 1, while others should be set to 0. For instance, if the second waypoint is changed, the second bit is set to 1, and others are set to 0. For example, if we assume the number of waypoints in the flight path is 10, the length of the bit map is fixed, i.e., 20. Then, if the third, fifth, and seventh waypoints are changed, the corresponding bit in the bit map will be set to 1, as shown in Fig. 1.
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Fig.1 Illustration for fixed length bit map
Second, we assume the total number of waypoints has changed, i.e., a new waypoint is added or an old waypoint is removed. This case is more complex. We have three sub-cases, as follows:
Case 1: One or more waypoints are added in the middle of the flight path. The corresponding bit from the added waypoint to the end should be set to 1, while others should be set to 0. For instance, if we assume the number of waypoints in the flight path is 8, the length of the bit map is fixed, i.e., 20. Two waypoints are added to the third and fifth waypoints in the flight path. Besides the bit that corresponds to the added waypoint needing to be set to 1, the "shift" waypoints also need to be set to 1, as shown in Fig. 2. 
[bookmark: _Hlk132374637][image: ]
Fig.2 Illustration for the fixed length bit map when a new waypoint is added
Case 2: One or more waypoints are removed in the middle of the flight path. The corresponding bit from the removed waypoint to the end should be set to 1, while others should be set to 0. For instance, if we assume the number of waypoints in the flight path is 10, the length of the bit map is fixed, i.e., 20. Two waypoints are removed from the fourth and fifth waypoints in the flight path. Besides the bit that corresponds to the added waypoint needing to be set to 1, the "shift" waypoints also need to be set to 1, as shown in Fig. 2. Note that the ninth and tenth bits in the bit map are also needed to be set to 1 because they are different from the old flight path.
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Fig.3 Illustration for the fixed length bit map when a new waypoint is removed
Case 3: One or more waypoints are added and removed at the same time. The corresponding bit from the added or removed waypoint to the end should be set to 1, while others should be set to 0. Same as cases 1 and 2.
Proposal 5: Bitmap should be considered for the delta flight path report.
Once the delta flight path report is supported, if the bit map solution is accepted, the flight path available indication does not need to be different because the gNB knows the flight path is updated according to the bit map. Specifically, the initial flight path report does not include a bit map, only the updated flight path does.
Proposal 6: For the delta flight path report, the flight path available indication does not need to be different if the bit map mechanism is supported.
3. Conclusion
Proposal 1: The distance threshold for waypoints should be considered for the flight path update indication threshold.
Proposal 2: The time difference threshold for the waypoint corresponding timestamp should be considered for the flight path update indication threshold.
Proposal 3: The number of removed waypoint thresholds and the number of added waypoint thresholds should be considered for the flight path update indication threshold.
Proposal 4: The delta report should be supported for flight path updates, especially partial flight path updates.
Proposal 5: Bitmap should be considered for the delta flight path report.
Proposal 6: For the delta flight path report, the flight path available indication does not need to be different if the bit map mechanism is supported.
4. Reference
[1] R2_121bis-e_Notes_R18 UAV NES R15-17 UP_SDT (Diana)_04-25_15-30

image3.png




image1.png
lofoft1fofr]ol1][ofo]o
lofJofJofJoJoJoJoJo]ol]o





image2.png
oo el fa]n]s

LoJofofofofJojofo]folo





