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Introduction
3GPP introduced support for uncrewed aerial vehicles (UAV) in Rel-15 LTE, targeting use cases including drone operation, personal entertainment for flight experience, and cargo delivery. As the basis of the applications, the capability for remote control and data transmissions were key aspects to support, specifically UL and DL interference and mobility.
A new work item on NR support for aerial UEs (UAVs) was agreed for Rel-18. Although NR-specific enhancements can be considered if needed, overall the LTE and NR solutions should be harmonized as much as possible. Specification is nearing completion, and 3GPP has agreed in principle to adopt similar mechanisms as LTE for height-based measurement reporting, flight path reporting, and simultaneous fulfilment of trigger criteria for multiple cells. Location and speed reporting enhancements adopted for LTE UAV are already supported in NR, and further enhancements appear unlikely. Other aspects include enhancements to NR PC5/LTE PC5 to support UAV identification broadcast and UE capability signalling to indicate UAV beamforming capabilities.
The initial Rel-18 NR specification of UAV focused almost exclusively on adaptation of LTE enhancements, with little additional work. A new Rel-19 WI on enhanced NR support for UAV can build upon this initial baseline, further improving aspects like mobility and flightpath reporting for UAV.
Proposed scope for Rel-19 UAV
Throughout Rel-18 UAV work several topics were identified for further enhancement such as UAV-specific mobility enhancement, enhanced flightpath reporting, and support for no-transmit zones. These enhancements were not pursued either due to time constraints or limitations in the Rel-18 UAV WI scope. As a baseline, it is proposed that a Rel-19 WI on enhanced NR support for UAV focus on the topics identified in Rel-18 as potential enhancements.
Proposal 1:	Rel-19 enhanced NR support for UAV includes objectives on UAV-specific mobility enhancements, enhanced flightpath reporting, and support for no transmit zones.
Mobility enhancements for UAV
Rel-18 NR supports several enhanced mobility techniques based on pre-configuration such as conditional handover and L1/L2 triggered mobility. Preconfigured mobility is well suited to the UAV scenario considering flightpath information containing the UAV’s future location(s) and associated timestamp information is known to the network, allowing likely target cells to be known in advance.
Observation 1:	The availability of flightpath information (i.e., UAV’s future location(s) and associated timestamp information) makes the UAV scenario well suited to pre-configured mobility techniques like CHO and LTM.
Conditional Handover in UAV
Height-dependent UE configuration is already supported in Rel-18 UAV, however, it is limited to measurement object/reporting configuration (e.g., height-dependent SSB-toMeasure). This is partly supported by two new measurement events: Event H1 (UE height becomes higher than a threshold) and Event H2 (UE height becomes lower than a pre-configured threshold). 
The rationale for introducing such enhancements is that the radio environment changes based on the height range (e.g., due to blockage from buildings or beamforming), and application of different pre-configurations can quickly adapt the UE to the changing environment. Similar reasoning can be extended to the mobility case, where different cell(s) may be better suited to serve a particular height/heigh range. Extending Events H1/H2 to conditional handover would improve robustness of the mobility procedure when the UAV is transitioning between different height ranges.
Observation 2:	Different cell(s) may be better suited to serve a particular height/heigh range (e.g., due to blockage from buildings or beamforming). Extending Events H1/H2 to CHO can improve mobility robustness when the UAV is transitioning between different height ranges.
Since Events H1 and H2 are already defined in Rel-18 as measurement reporting triggers, additional specification effort could be minimal and can focus on detailed aspects such as whether a height-based CHO trigger can be independently configured or must be jointly configured with a measurement-based condition (similar to time/distance based triggers in non-terrestrial networks)
Observation 3:	Events H1/H2 are already defined in Rel-18 NR for measurement reporting. Extension to conditional handover should require minimal specification effort.
LTM in UAV
Other enhanced mobility techniques like L1/L2 triggered mobility (LTM) have been recently introduced. Detailed specification of LTM is still underway, however the general procedure is summarized as follows:
1. The UE sends a MeasurementReport message to the gNB. The gNB decides to use LTM and initiates LTM candidate preparation.
2. The gNB transmits an RRCReconfiguration message to the UE including the configuration of one or multiple LTM candidate target cells. 
3. The UE stores the configuration of LTM candidate target cell(s) and transmits a RRCReconfigurationComplete message to the gNB.
4. The UE may perform DL synchronization and TA acquisition with candidate target cell(s) before receiving the LTM cell switch command.
5. The UE performs L1 measurements on the configured LTM candidate target cell(s), and transmits lower-layer measurement reports to the gNB.
6. The gNB decides to execute LTM cell switch to a target cell, and transmits a MAC CE triggering LTM cell switch by including the candidate configuration index of the target cell. The UE switches to the configuration of the LTM candidate target cell.
7. The UE performs random access procedure towards the target cell, if TA is not available.
8. The UE indicates successful completion of the LTM cell switch towards target cell.
Like conditional handover, the availability of flightpath information makes the UAV scenario well suited to support various aspects of LTM. For example, knowing the future location(s) and time of arrival to each location can support LTM candidate cell selection or configuration handling (i.e., if the UAV knows it will not return to a given location it can release the candidate cell configuration associated with that area). As well, knowing the position of the UAV can support timing advance estimation to be used in the synchronization phase. 
Observation 4:	Flightpath information is useful to support aspects of LTM like candidate preparation or TA estimation, since the network is aware of the future location(s) of the UAV.
Rel-19 UAV specific mobility enhancement’s objective can therefore include possible enhancements to LTM, specifically the incorporation of flightpath information into various aspects of the procedure such as LTM candidate preparation, configuration handling, and timing synchronization.
Proposal 2:	The UAV-specific mobility enhancements objective includes at least: 
· Specifying new CHO triggering events based on Event H1/H2 (UAV height becomes higher/lower than a threshold).
· Studying/specifying LTM enhancements for UAV (e.g., using flightpath information for LTM candidate preparation/synchronization).
Enhanced flightpath reporting for UAV
Rel-18 NR agreements on the contents of a UAV flight path and reporting procedure largely align with LTE. One exception is support for updating a previously reported flight path, which is a new enhancement unique to NR. Summarizing agreements from recent WG meetings, once an update to a previously reported flight path is available, the UE can notify the network via the UE Assistance Information (UAI) message. An updated flight path is retrieved via the UE information request/response procedure like the initial flight path.
Partial flightpath reporting/update
When a flight path is updated/changed, it is likely only a portion of the overall flight path is impacted. For example, the UAV may encounter a delay (e.g., turbulence, collision avoidance etc.), where the waypoints remain the same and only the timestamp information has changed. In another example, the existing flight path may remain valid and one or more additional waypoints may be known to the UE and can be appended to the previously reported flight path. If only a subset of a previously reported flight path has changed (which is likely the case), resending the entire flight path is inefficient from a signalling perspective and can introduce interference.
Observation 5:	Rel-18 UAVs can indicate updated flightpath availability but must subsequently send the full flightpath, which is inefficient if only a subset of the previously reported information changed.
Discussion on updating for individual waypoints occurred in Rel-18, however, was ultimately not agreed as it would require modifications the initial reporting procedure adopted from LTE. Rel-19 can build upon this initial procedure by extending support for flightpath reporting to enable reporting of individual waypoints/timestamps.
Multiple candidate flightpath reporting
Initial flightpath reporting was adopted from LTE and consists of a flightpath availability indication and subsequent flightpath retrieval via the UE information request/response procedure.
Current specification supports the reporting of a single flightpath, but the reported route may not be ideal from the network perspective (e.g., there may be a coverage gap along the flightpath route). From the UAV perspective there may be many suitable routes, so enabling the UAV to report multiple candidate flightpaths during initial flightpath reporting the network can select a preferred route based on factors like load balancing or coverage to optimize the connection throughout the route.
Observation 6:	Reporting multiple candidate flightpaths allows the network to select a preferred route based on factors like load balancing or coverage.
A secondary benefit would be in case of issues with original flightpath (e.g., due to collision avoidance), the UE can fallback to an alternate route if multiple candidate flightpaths are reported.
Proposal 3:	The enhanced flightpath reporting objective includes at least: 
· Specifying support for UAV to update individual waypoint(s)/timestamp(s).
· Specifying support for UAV to report multiple candidate flightpaths for network selection (e.g., to support load balancing) or fallback (e.g., to support collision avoidance)
No-transmit zones
In November 2022, CEPT made ECC Decision 22(07) relating to the harmonized technical conditions for MFCN bans and for spectrum compatibility for aerial UEs, which refers to the need to spectrum operational restrictions. One method included in the decision to achieve coexistence is the definition of “no-transmit zones”, which is defined as a geographical area where aerial UE are not allowed to operate at a certain frequency band (a summary of the decision and potential RAN impacts can be found in [2]).
Although proposed by several companies throughout Rel-18, considering the limited time remaining in the current release seems unlikely this will be addressed. It is therefore proposed that Rel-19 study and specify (if needed) potential solutions to support a “no-transmit” zone as described in the ECC decision.
Proposal 4:	Study and specify enhancements to support no-transmit zones (i.e., based on ECC Decision (22)07)
Conclusion
In this contribution, R19 scope for Enhanced NR support for UAV (Uncrewed Aerial Vehicles) is discussed. The following observations and proposals are provided:
Observation 1:	The availability of flightpath information (i.e., UAV’s future location(s) and associated timestamp information) makes the UAV scenario well suited to pre-configured mobility techniques like CHO and LTM.
Observation 2:	Different cell(s) may be better suited to serve a particular height/heigh range (e.g., due to blockage from buildings or beamforming). Extending Events H1/H2 to CHO can improve mobility robustness when the UAV is transitioning between different height ranges.
Observation 3:	Events H1/H2 are already defined in Rel-18 NR for measurement reporting. Extension to conditional handover should require minimal specification effort.
Observation 4:	Flightpath information is useful to support aspects of LTM like candidate preparation or TA estimation, since the network is aware of the future location(s) of the UAV.
Observation 5:	Rel-18 UAVs can indicate updated flightpath availability but must subsequently send the full flightpath, which is inefficient if only a subset of the previously reported information changed.
Observation 6:	Reporting multiple candidate flightpaths allows the network to select a preferred route based on factors like load balancing or coverage.
Proposal 1:	Rel-19 enhanced NR support for UAV includes objectives on UAV-specific mobility enhancements, enhanced flightpath reporting, and support for no transmit zones.
Proposal 2:	The UAV-specific mobility enhancements objective includes at least: 
· Specifying new CHO triggering events based on Event H1/H2 (UAV height becomes higher/lower than a threshold).
· Studying/specifying LTM enhancements for UAV (e.g., using flightpath information for LTM candidate preparation/synchronization).
Proposal 3:	The enhanced flightpath reporting objective includes at least: 
· Specifying support for UAV to update individual waypoint(s)/timestamp(s).
· Specifying support for UAV to report multiple candidate flightpaths for network selection (e.g., to support load balancing) or fallback (e.g., to support collision avoidance)
Proposal 4:	Study and specify enhancements to support no-transmit zones (i.e., based on ECC Decision (22)07)
References
RP-223545 – NR Support for UAV (Uncrewed Aerial Vehicles) – Nokia, Nokia Shanghai Bell (WI Rapporteur)
RP-231203 – No-transmit zones for UAVs - Ericsson
	4/4	
