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1.  Introduction
In the RAN2 meeting #123-bis agenda, UE capabilities for UAV discussion is expected to be discussed. Besides, UE capabilities for UAV is also listed by the WI rapporteur in the remaining Open issues. 
· 	UE capabilities for UAVs:
· Which features are mandatory/optional and which require separate signaling
In this contribution, we try to analyze each capability that should be introduced for UAV in Rel-18.  
As general criteria, we should limit the granularity of the capabilities defined and limit the number of the mandatory ones.
2.  Discussion
[bookmark: _Hlk100497352]In RAN2 #119 meeting, event H1 and H2 were introduced for NR UAV. We think this should be mandatory for NR UAVs, similarly to what was done for LTE. Thus, we propose to define height-meas-r18 to capture this capability as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	height-meas-r18
This field defines whether the UE supports height-based measurement reporting as specified in TS 38.331 [9]. It is mandatory to support this feature for UEs which have Aerial UE subscription as defined in TS 23.256 [x].
	UE
	Yes
	No
	No


The numberOfTriggeringCells was also agreed to be introduced for UAV in RAN2 #119 meeting. We think this should be optional for UAV, similarly to what was one for LTE, because some UAV cannot fly so high and interference would not be a critical problem. Thus, we propose to define multipleCellsMeasExtension-r18 to capture this capability as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	multipleCellsMeasExtension-r18
This field defines whether the UE supports measurement reporting triggered based on a number of cells.
	UE
	No
	No
	No


The height-dependent SSB-ToMeasure and numberOfTriggeringCells were agreed to be introduced for NR UAV in RAN2 #121-bis meeting, and event A3/A4/A5 + H1/H2 were agreed to be introduced for NR UAV in RAN2 #123 meeting. These capabilities can be covered by one capability bit, i.e., height-dependent measurement configurations, because, in order to trigger the application of the corresponding event or of the MR configuration, the UAV needs to meet the height condition. Besides, the ASN.1 structure is similar. We think this capability should be optional for UAV due to the fact that the typical height of different UAV types is different. Not all UAVs need to support this capability. Thus, we propose to define height-dependent-configurations-r18 to capture this capability as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	height-dependent-configurations-r18
This field defines whether the UE supports height-dependent measurement configurations as specified in TS 38.331 [9]. It is optional to support this feature for UEs which have Aerial UE subscription as defined in TS 23.256 [x].
	UE
	No
	No
	No


In RAN2 #119 meeting, flight path report was also introduced for NR UAV and flight path update was introduced in RAN2 #119-bis meeting. There should be one capability, i.e., flight path plan, covering both the initial report and the update. Considering that not all UAVs have flight path plan available, this capability should be optional. Thus, we propose to define flightPathPlan-r18 to capture this capability as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	flightPathPlan-r18
This field defines whether the UE supports reporting of the flight path plan and its update through the procedure defined in TS 38.331 [9]. 
	UE
	No
	No
	No



In the last meeting, RAN2 agreed to introduce dedicated resource pool for A2X communication. This capability should be optional because SA2 agreed that the A2X communication can use normal resource pool. Thus, we propose to define sl-A2X-Service-r18 to capture this capability as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	[bookmark: _Hlk146379374]sl-A2X-Service-r18
This field defines whether the UE supports dedicated resource pool for A2X service as specified in Ts 38.331 [9]. 
	UE
	No
	No
	No



Proposal 1: RAN2 to consider to define height-meas-r18, multipleCellsMeasExtension-r18, height-dependent-configurations-r18, flightPathPlan-r18 and sl-A2X-Service-r18 as UE capabilities for NR UAV as described above.
3. Conclusion
Proposal 1: RAN2 to consider to define height-meas-r18, multipleCellsMeasExtension-r18, height-dependent-configurations-r18, flightPathPlan-r18 and sl-A2X-Service-r18 as UE capabilities for NR UAV as described above.
4. Reference
[1]  Draft_R2_123_meeting_report_v1.

5. Annex
119 (2022.9)
Agreements
1 Use LTE principle as a baseline, introduce similar event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold.  FFS if further NR enhancements are needed.  FFS study scaling of RRM parameters (e.g. which parameters and what is the purpose/benefit of the scaling and how)
FFS how to limit excessive measurements and measurement reporting 
FFS if user consent is needed for location reporting in CONNECTED 
FFS study the vertical movement and associated mobility for UAV UEs
2	Rel-18 NR supports reporting of UAV UE’s height, location and velocity. It is for further study what accuracy and reporting mechanisms are required and if further enhancements are needed.  
3	As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed
4	Introduce similar functionality to LTE (numberofTriggeringCells).  FFS whether numberoftriggerbeams for NR is required or other enhancements.  FFS study how to avoid sending the measurement reports mainly due to reportOnLeave.

119bis (2022.10) 
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)
120 (2022.11)
[bookmark: _Hlk134606101]Agreements:
1. [bookmark: _Hlk134605891]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.

121(2023.2)
Agreements:
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, location information and/or RSRP/RSRQ measurement results). FFS whether UAV UE’s height is mandatorily reported and which parameter/IE is used for height reporting. 
2. Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV.   The combination of existing events will be used
3. Height-dependent parameter scaling is not supported as a part of Rel-18 NR
4. Do not extend the Number of triggering cells mechanism to apply to the inter-RAT scenario, i.e. event B1 and B2 triggering
5. Do not restrict the applicability of Number of triggering cells mechanism to FR1 only. In other words, the Number of triggering cells mechanism is applicable to FR1 and FR2 (up to network configuration).  
6. The UE shall not ignore or bypass the Number of triggering cells mechanism, once configured.
7. Do not introduce the use of a “numberOfTriggeringBeams” mechanism.
8. Do not introduce an alternative mechanism to the Number of triggering cells mechanism. 
9. Do not introduce an additional mechanism based on Number of changed cells. 
10. For the purpose of interference control (i.e. for number of trigger cells), do not introduce a prohibit timer mechanism. 
11. Report on leave is not triggered by a cell that was not previously included in the measurement report for the number of triggering cell.  
Agreements:
1. Support configuring height-dependent more-than-one configurations targeting measurement and measurement reporting enhancement. UE applies corresponding configuration based on the UE height. The proposed solutions should aim at avoiding RAN4 impacts.  FFS how this would be configured (i.e. different MO configurations or different parameters  FFS Exact parameters and details.
Agreements:
1. The granularity of flightpath timestamp is 1s. 
2. [bookmark: _Hlk134606126]Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE

Agreements:
-	PC5-U is used to support BRID for UAV
-	Support both in-coverage and out-of-coverage scenarios
-	Mode 2 will be supported.  FFS whether further mode 1 will be supported.  
-	FFS whether separate pools are needed 
-	FFS whether current configurations can support UAV requirements 
121b(2023.4)
Agreements
1. Height-dependent more-than-one configurations is supported on parameter/field level (i.e. different fields/values within the same MO) where different values (or value ranges) of the parameter/field applies to different height or height range.
2. For MO configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: SSB-ToMeasure. Details on how to specify is FFS.    FFS on UE behavior on L1 and L3 measurement.  
3.  For MR configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: Event A4 threshold and numberoftriggeringcells.  Details on how to specify is FFS (i.e. maybe it can be achieved by combination of events).   
4. When height-dependent more-than-one configurations are provided, UE applies the new value once it moves to new height (or height range) similar to the case of RRC reconfiguration. Need Codes, field descriptions, etc. as in legacy specifications apply
5. If a height-specific value is not explicitly configured for certain height, whether to keep using the value that was used or consider the parameter as released (i.e. parameter/value not applicable at this height) should be looked into case by case, and can be clarified by need code, field description, or procedural text as needed.   FFS details
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 

Agreements:
1. DAA can be supported using the same framework as used for BRID transmission over the LTE and NR PC5 interface, without any specific enhancements. 
2. LTE PC5 Mode-4 resource allocation is supported, and LTE PC5 Mode-3 is not supported 
3. NR PC5 mode-1 is not supported 
4. For LTE PC5, we will follow the NR PC5 framework agreements, unless explicitly identified e.g. a strong technical reason
5. RAN2 assumes that BRID and DAA services will be delivered on a frequency designated by regulators
6. As a baseline, we will use the existing V2X QoS framework.  FFS whether different resource pools are needed for UAV services  
7. No further enhancement on PC5 range for A2X broadcast services will be pursued in this release
8. We will not investigate interference for BRID and DAA broadcast
9. Send an LS to SA2 to:
a. inform them as a result of RAN Plenary decision to re-use BRID RAN2 will only support PC5 broadcast for deconfliction in RAN in release 18.
b. ask SA2 whether BRID and DAA broadcast over LTE and NR PC5 requires new QoS requirements and parameters not supported within the ranges supported for V2X
122(2023.5)
Agreements
1. Add height-based list of SSB-ToMeasure with corresponding height ranges and hysteresis in MeasObjectNR.  FFS on the number of height ranges 
2. As a basic principle, if no height-specific SSB-ToMeasure is configured for a specific height region, the legacy behaviour applies.  
3. For UE behavior on L1 and L3 measurement, it is left to UE implementation whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
4. New event types will be introduced on the combination of event Ax and event Hx, at least for event A4 + event H1/H2. FFS for other event Ax + event H1/H2. FFS on details, e.g. whether to include one height threshold (H1 or H2 threshold) or a height range (both H1 and H2 threshold) in the new event, how to configure height-dependent numberOfTriggeringCells, etc.    This will be applied to all height dependent MR parameters.  
5. Whether UE height is included when UAV specific MR is triggered is configurable by the network.
6. We will use LTE UEheight.
Agreements
1. The network can configure the UE to trigger a flightpath update notification based on a configured delta time (when timestamp is configured to be reported) or distance configuration.
Agreement:
1. The subscription-based aerial-UE identification adopted in LTE can be taken as the baseline for NR UAV (i.e. the RAN3 endorsed CR will be captured in stage 2) .  No further NR specific enhancements will be pursued.  
123(2023.8)
Agreements:
Measurement reporting
1. New event type is introduced to implement both height-dependent MR configuration and combination of events
2. The new event type includes only one of H1 or H2 thresholds.   A hysteresis for each threshold will be introduced.  A single time to trigger for the event will be introduced. Rapporteur will implement the solution and we can come back next meeting if there are technical issues.  
3. Event combination of H1/H2 with A3, A4, A5 will be support 
4. When the UE moves to a new height region with a different numberOfTriggeringCells value for one configured event, it is up to UE implementation whether the UE keeps the old measurement report or cellstriggeredlist
5. At least 300m above ground level will be supported.  FFS if higher ranges can/need to be considered.  
6. Signalling should allow the network to simultaneously configure height-based event thresholds for the whole range of possible UE heights
Flight path update/reporting 
7. No delta signaling for updated flight path will be supported 
8. Confirm that same indication is used for both initial and updated flightpath plan
9. If any waypoint/timestamp has changed more than the configured threshold the UE triggers flightpath update indication.
10. When both distance and time threshold are configured, the flightpath update can be triggered if either of those conditions are met.   No prohibit timer will be introduced.  

Agreements:
1. Unicast-based DAA can be supported in Rel-18, but only if its introduction does not require additional RAN2 work besides defining a capability (if needed)
2. RAN2 will support (pre-) configured separate SL resource pool for BRID and DAA broadcast 
