



[bookmark: OLE_LINK21][bookmark: OLE_LINK22]3GPP TSG RAN WG2 #120												R2-2211452
Toulouse, France, 14th -18th Nov 2022 

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agenda Item:	8.8.2 
Source: 	NEC
Title:	Considerations on Measurement Reports Enhancements
Document for:	Discussion
1. Introduction
In RAN2 119bis-e the below agreements were made [1]:
	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) 


This contribution provides our considerations on measurement reports enhancements. 
2. Discussion 
2.1 Height-depending scaling
[bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121][bookmark: OLE_LINK14][bookmark: OLE_LINK15]UAV UEs have different communications characteristic from normal terrestrial UEs as the radio characteristic will vary with altitudes. In previous meeting, companies agreed to introduce similar height event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold) as in LTE to assist network tracking altitude change of a drone to adjust communication mode. Based on this, height specific RRM measurement configurations for NR UAVs could be considered to achieve finer control of measurements and reporting behaviors. From our perspective, at least following parameters could be considered. 
· For measurement performing
Excluded Cell List: If UAV UE is required to perform geo-fencing in airspace, performing measurement on cells in which flying is not allowed is unnecessary. Therefore, associate exclude-listed intra-frequency neighbouring cells to flying altitude can limit excessive measurements for UAV UE operating at the corresponding altitude. The determination of exclude-listed intra-frequency neighbouring cells may be no-fly zone according to local fight policies and regulations, i.e., FAA regulations. 
Allowed cell list: Since UAVs may fly along intended path, allow-listed intra-frequency neighbouring cells can also be configured associate to flying altitude. In this way, UAV UEs only need to perform measurements on those cells located in fight allowed zone or along intended flight path. 
By associating flying altitude to exclude-listed cells or allow-listed cells, UE can first determine the UE’s flying altitude (or flying status) and then apply corresponding configurations of excluded cell list or allowed cell list. 
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· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For measurement report triggering
Quality event triggering threshold: Consider the offset for quality event triggering according to the height of the UAV UE. For example, for event A4, upon measurement reporting triggered by height event H1, the triggering threshold of event A4 can be adjusted by an offset corresponding to the triggered height event. In this way, only better neighbour cells which fulfilled the adjusted triggering threshold will trigger the entering of event A4, which can improve frequent measurement report triggering due to seeing more cell at high altitude.
NumberOfTriggeringCells: numberOfTriggeringCells indicates the number of cells detected that are required to fulfill an event for a measurement report to be triggered. Associate this configuration to the flying altitude can achieve more flexible control of the amount of the measurement reporting. 
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2.2 Multi-cell triggered scheme
As the number of UAS operations in all classes of airspace increases rapidly, the interference caused by over signaling will be more serious hence further reducing the amount of measurement reporting should be considered for NR case. 
· Enhancements for multi-cell trigger scheme
As mentioned before, similar functions as in LTE are considered to be introduced for NR UAVs to control the amount of measurement reporting initiated by cells fulfilling the entering condition of a measurement event. If UAV UE is configured with the parameter of the numberofTriggeringCells by the network, it requires N cells to fulfill the entering condition simultaneously. Additionally, once the measurement report is triggered, the UE will not trigger it continuously unless the multi-cell condition is fulfilled again after the number of cells being less than the threshold. Therefore, the measurement results may not be delivered to the network on time. 
[bookmark: _Toc114676723][bookmark: _Toc114840116][bookmark: _Toc114840128][bookmark: _Toc114840140][bookmark: _Toc114840335][bookmark: _Toc114840346][bookmark: _Toc114843949][bookmark: _Toc114864244][bookmark: _Toc114864255][bookmark: _Toc114936553][bookmark: _Toc114936564][bookmark: _Toc114936575][bookmark: _Toc114936586][bookmark: _Toc114936597][bookmark: _Toc114936608][bookmark: _Toc114936619][bookmark: _Toc114936630][bookmark: _Toc115273351][bookmark: _Toc115273363][bookmark: _Toc115273375][bookmark: _Toc115273444][bookmark: _Toc115273456][bookmark: _Toc115273468][bookmark: _Toc115273480][bookmark: _Toc115273492][bookmark: _Toc115340575][bookmark: _Toc115340587][bookmark: _Toc115354608][bookmark: _Toc115354620][bookmark: _Toc115358461][bookmark: _Toc115358473][bookmark: _Toc115358485][bookmark: _Toc115358497][bookmark: _Toc115358533][bookmark: _Toc115358545][bookmark: _Toc115358616][bookmark: _Toc115358628][bookmark: _Toc117874959][bookmark: _Toc117875159][bookmark: _Toc117875174][bookmark: _Toc117875189][bookmark: _Toc117875204][bookmark: _Toc117875219][bookmark: _Toc117875234][bookmark: _Toc117875249][bookmark: _Toc117875264][bookmark: _Toc118104515][bookmark: _Toc118220600][bookmark: _Toc118293739][bookmark: _Toc118454154]Evaluating multi-cell trigger condition may lead to late measurement results updating.
To mitigate the impact of late triggering of measurement reporting due to evaluating multi-cell trigger condition, assistant information such as interested cells can be provided by the network. Upon interested cells fulfilling the triggering event, UE can update measurement results with less delay. From this aspect, following solutions could be considered: 
· Solution 1: Configuration of an interested cell set
If the cell which fulfilled the entering condition of the event (e.g., A4), is indicated as an interested cell by the network, UAV UE can initiate the measurement reporting regardless of the number of cells in the cellsTriggeredList. By this way, a hard decision of triggering a measurement report will be made for those important cells, to avoid late delivery of measurement results. The determination of the interested cell set may be made based on mobility information of UAV UEs (i.e., intended flight path reported to the network, or flight plan information from core network). 
· Solution 2: Configuration of differentiated weight value for cells to trigger measurement report
Another approach is to configure differentiated weight value for cells. UAV UE can determine whether to trigger measurement reporting by comparing the sum of the weight value of cells in the cellsTriggeredList with a weight threshold. This solution is similar to the legacy numberofTriggeringCells mechanism except the network can configure larger weight value for those interested cells, to trigger the measurement report more easily. 


· Solution 3: Trigger measurement report when a better cell enters regardless of multi-cell condition
Once a measurement report is triggered, the UE will not trigger it again if the number of cells in the cellsTriggeredList keep being equal to or larger than the threshold, which may cause late updating of measurement results. Thus, it may be helpful for UE to still trigger measurement report if the quality of the cell which fulfills the entering condition of the event is much better than other cells in the cellsTriggeredList. This guarantee that the network can aware of approaching a better cell with less delay, which may be beneficial to mobility performance. 


From our point of view, at least for neighbor cell quality measurement event (i.e., A3, A4, and A5), above solutions may be considered by RAN2 to improve the performance of multi-cell trigger functionality.
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· [bookmark: _Toc117874966][bookmark: _Toc117875151][bookmark: _Toc117875166][bookmark: _Toc117875181][bookmark: _Toc117875196][bookmark: _Toc117875211][bookmark: _Toc117875226][bookmark: _Toc117875241][bookmark: _Toc117875256][bookmark: _Toc117875271][bookmark: _Toc118104522][bookmark: _Toc118220607][bookmark: _Toc118293746][bookmark: _Toc118389053][bookmark: _Toc118454160]Solution 1: Trigger measurement report by interested cells regardless of multi-cell condition is fulfilled or not
· [bookmark: _Toc117874967][bookmark: _Toc117875152][bookmark: _Toc117875167][bookmark: _Toc117875182][bookmark: _Toc117875197][bookmark: _Toc117875212][bookmark: _Toc117875227][bookmark: _Toc117875242][bookmark: _Toc117875257][bookmark: _Toc117875272][bookmark: _Toc118104523][bookmark: _Toc118220608][bookmark: _Toc118293747][bookmark: _Toc118389054][bookmark: _Toc118454161]Solution 2: Trigger measurement report by accumulating weight of cells, the network can configure larger weight value for those interested cells, to trigger the measurement report more easily
· [bookmark: _Toc117874968][bookmark: _Toc117875153][bookmark: _Toc117875168][bookmark: _Toc117875183][bookmark: _Toc117875198][bookmark: _Toc117875213][bookmark: _Toc117875228][bookmark: _Toc117875243][bookmark: _Toc117875258][bookmark: _Toc117875273][bookmark: _Toc118104524][bookmark: _Toc118220609][bookmark: _Toc118293748][bookmark: _Toc118389055][bookmark: _Toc118454162]Solution 3: Trigger measurement report when a better cell enters regardless of multi-cell condition is fulfilled or not
· Limiting report on leave
Signaling overhead resulted by cells leaving measurement events can be mitigated by extending multi-cell trigger scheme for report on leave case. However, this issue may be different from triggering measurement report by cells fulfilled entering conditions. For the consideration of updating the status of the reported cells in time, it seems not necessary to count cells which has not triggered measurement reporting before.
[bookmark: _Toc114676729][bookmark: _Toc114840122][bookmark: _Toc114840134][bookmark: _Toc114840146][bookmark: _Toc114840340][bookmark: _Toc114840351][bookmark: _Toc114843954][bookmark: _Toc114864249][bookmark: _Toc114864260][bookmark: _Toc114936558][bookmark: _Toc114936569][bookmark: _Toc114936580][bookmark: _Toc114936591][bookmark: _Toc114936602][bookmark: _Toc114936613][bookmark: _Toc114936624][bookmark: _Toc114936635][bookmark: _Toc115273357][bookmark: _Toc115273369][bookmark: _Toc115273381][bookmark: _Toc115273450][bookmark: _Toc115273462][bookmark: _Toc115273474][bookmark: _Toc115273486][bookmark: _Toc115273498][bookmark: _Toc115340581][bookmark: _Toc115340593][bookmark: _Toc115354614][bookmark: _Toc115354626][bookmark: _Toc115358467][bookmark: _Toc115358479][bookmark: _Toc115358491][bookmark: _Toc115358503][bookmark: _Toc115358539][bookmark: _Toc115358551][bookmark: _Toc115358622][bookmark: _Toc115358634][bookmark: _Toc117874969][bookmark: _Toc117875154][bookmark: _Toc117875169][bookmark: _Toc117875184][bookmark: _Toc117875199][bookmark: _Toc117875214][bookmark: _Toc117875229][bookmark: _Toc117875244][bookmark: _Toc117875259][bookmark: _Toc117875274][bookmark: _Toc118104525][bookmark: _Toc118220610][bookmark: _Toc118293749][bookmark: _Toc118389056][bookmark: _Toc118454163]In case of applying multi-cell trigger scheme to report on leave case, only consider cells which has triggered measurement reporting before.
2.3 Height triggered reporting
[bookmark: _Toc114676722][bookmark: _Toc114840115][bookmark: _Toc114840127][bookmark: _Toc114840139][bookmark: _Toc114840334][bookmark: _Toc114840345]For LTE Rel-15 aerial UEs, same height event H1 or H2 may be triggered again after leaving the corresponding event. Therefore, if UAV UE is flying around the configured reporting height threshold, measurement report will be triggered frequently. 
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To reduce the amount of height triggered reporting, new height event reflecting height variation could be considered. Since the height of the UAV UE can be included in each measurement report, the variation of the height will be more valuable for network to track the altitude of the UAV. Based on this approach, reporting due to enter or leave a same height event may also be limited. 
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2.4 Fight path information
· Fight path plan reporting
Fight path reporting mechanism introduced in LTE Rel-15 contains two steps:
· Step 1: Inform the network “flight path info is available” 
· Step 2: Include flightPathInfoReport and set it to include the list of waypoints along the flight path upon reception of UEInformationRequest message (with flightPathInfoReq field present);
 In the last meeting, RAN2 agreed to allow the flight path to be updated. Our understanding is that the flight path update mechanism itself is out of RAN2 scope, therefore RAN2 discussion should focus on how to report the flight path update to the network. 
In LTE, UAV UEs need to inform the network “flight path info is available” firstly. The flightPathInfoAvailable can be included in RRCConnectionSetupComplete message, RRCConnectionResumeComplete message, RRCConnectionReconfigurationComplete message or RRCConnectionReestablishmentComplete message，upon reception of RRCConnectionSetup,  RRCConnectionResume or RRCConnectionReconfiguration including mobilityControlInfo or RRCConnectionReestablishment by the UE. In other words, only RRC_CONNECTED UAV UEs can report flight path plan in LTE. 
[bookmark: _Toc115273354][bookmark: _Toc115273366][bookmark: _Toc115273378][bookmark: _Toc115273447][bookmark: _Toc115273459][bookmark: _Toc115273471][bookmark: _Toc115273483][bookmark: _Toc115273495][bookmark: _Toc115340578][bookmark: _Toc115340590][bookmark: _Toc115354611][bookmark: _Toc115354623][bookmark: _Toc115358464][bookmark: _Toc115358476][bookmark: _Toc115358488][bookmark: _Toc115358500][bookmark: _Toc115358536][bookmark: _Toc115358548][bookmark: _Toc115358619][bookmark: _Toc115358631][bookmark: _Toc117874962][bookmark: _Toc117875162][bookmark: _Toc117875177][bookmark: _Toc117875192][bookmark: _Toc117875207][bookmark: _Toc117875222][bookmark: _Toc117875237][bookmark: _Toc117875252][bookmark: _Toc117875267][bookmark: _Toc118104518][bookmark: _Toc118220603][bookmark: _Toc118293742][bookmark: _Toc118454156]Only RRC_CONNECTED UAV UEs can report flight path in LTE.
For the NR, when flight path is updated, the above legacy LTE procedure can be reused by informing the network “flight path info is updated and available”. However, when the UAV UEs is in RRC_INACTIVE and merely have flight path update to report, they still have to enter RRC_CONNECTED state firstly and send the report according to specified procedures. In such a case, RRC connection setup and subsequently release to RRC_IDLE/INACTIVE state happens every time reporting flight path update. 
In previous meeting, RAN2 agreed to adopt location list of waypoints (3D location information) and timestamp as the basic content of flight path report. As summarized in TS22.125, typical message size of waypoint report ranges from 84-140 bytes.
When small size flight path plan is frequently reported, LTE-like mechanism may cause unnecessary power consumption and signaling overhead. In general, we observe that enabling flight path plan report in RRC_INACTIVE with Rel-17 SDT procedure, which is a procedure allowing data and/or signaling transmission while remaining in RRC_INACTIVE state (i.e. without transitioning to RRC_CONNECTED state), is beneficial from network performance/efficiency and UE battery performance perspectives.
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· Conditional mobility
In NR Rel-16, conditional mobility (e.g. CHO) was introduced. This can reduce a possible mobility failure. During the Rel-18 scope discussions in RAN plenaries, the CHO specific enhancements (e.g. new UAV specific condition) were dropped. On the other hand, we consider that the CHO itself can be applied to the UAV. For the candidate cell selection by the target gNB (i.e., decision on acceptance for requested candidate), the flight path information will be useful. For example, if some candidate cells are overlapped, the target NB may select candidate cell(s) which is more suitable for the expected flight path (i.e., way point). 
[bookmark: _Toc110344375][bookmark: _Toc110344403][bookmark: _Toc110349719][bookmark: _Toc110349732][bookmark: _Toc110349744][bookmark: _Toc110349752][bookmark: _Toc110349760][bookmark: _Toc110349768][bookmark: _Toc110349776][bookmark: _Toc110349781][bookmark: _Toc110349789][bookmark: _Toc110349797][bookmark: _Toc110349822][bookmark: _Toc110349830][bookmark: _Toc110349931][bookmark: _Toc110349937][bookmark: _Toc110349943][bookmark: _Toc110349949][bookmark: _Toc110350660][bookmark: _Toc110350666][bookmark: _Toc110350672][bookmark: _Toc110351433][bookmark: _Toc110351439][bookmark: _Toc110352050][bookmark: _Toc110352056][bookmark: _Toc110868561][bookmark: _Toc110868568][bookmark: _Toc110868575][bookmark: _Toc110868582][bookmark: _Toc110868589][bookmark: _Toc110868596][bookmark: _Toc110868603][bookmark: _Toc110868610][bookmark: _Toc110868617][bookmark: _Toc110870072][bookmark: _Toc110937705][bookmark: _Toc110937712][bookmark: _Toc114676732][bookmark: _Toc114840125][bookmark: _Toc114840137][bookmark: _Toc114840149][bookmark: _Toc114840343][bookmark: _Toc114840354][bookmark: _Toc114843958][bookmark: _Toc114864253][bookmark: _Toc114864264][bookmark: _Toc114936562][bookmark: _Toc114936573][bookmark: _Toc114936584][bookmark: _Toc114936595][bookmark: _Toc114936606][bookmark: _Toc114936617][bookmark: _Toc114936628][bookmark: _Toc114936639][bookmark: _Toc115273361][bookmark: _Toc115273373][bookmark: _Toc115273385][bookmark: _Toc115273454][bookmark: _Toc115273466][bookmark: _Toc115273478][bookmark: _Toc115273490][bookmark: _Toc115273502][bookmark: _Toc115340585][bookmark: _Toc115340597][bookmark: _Toc115354618][bookmark: _Toc115354630][bookmark: _Toc115358471][bookmark: _Toc115358483][bookmark: _Toc115358495][bookmark: _Toc115358507][bookmark: _Toc115358543][bookmark: _Toc115358555][bookmark: _Toc115358626][bookmark: _Toc115358638][bookmark: _Toc117874973][bookmark: _Toc117875158][bookmark: _Toc117875173][bookmark: _Toc117875188][bookmark: _Toc117875203][bookmark: _Toc117875218][bookmark: _Toc117875233][bookmark: _Toc117875248][bookmark: _Toc117875263][bookmark: _Toc117875278][bookmark: _Toc118104529][bookmark: _Toc118220614][bookmark: _Toc118293753][bookmark: _Toc118389060][bookmark: _Toc118454166]RAN2 to discuss whether the flight path information is also sent to the target gNB in HandoverPreparationInformation. 
3. [bookmark: _Toc77689036][bookmark: _Toc77689047][bookmark: _Toc77689058][bookmark: _Toc77689069][bookmark: _Toc77689080][bookmark: _Toc77689091][bookmark: _Toc77689102][bookmark: _Toc77689113][bookmark: _Toc77689124]Conclusion
Observation 1:	Evaluating multi-cell trigger condition may lead to late measurement results updating.
Observation 2:	Height-triggered measurement reporting may also cause signaling overhead.
Observation 3:	Only RRC_CONNECTED UAV UEs can report flight path in LTE.

Proposal 1:	RAN2 to consider height-depending scaling of exclude-listed cells and allow-listed cells.
Proposal 2:	RAN2 to consider height-depending scaling of quality event triggering threshold and NumberOfTriggeringCells.
Proposal 3:	RAN2 to consider supporting following enhancements for multi-cell trigger functionality.
•	Solution 1: Trigger measurement report by interested cells regardless of multi-cell condition is fulfilled or not
•	Solution 2: Trigger measurement report by accumulating weight of cells, the network can configure larger weight value for those interested cells, to trigger the measurement report more easily
•	Solution 3: Trigger measurement report when a better cell enters regardless of multi-cell condition is fulfilled or not
Proposal 4:	In case of applying multi-cell trigger scheme to report on leave case, only consider cells which has triggered measurement reporting before.
Proposal 5:	RAN2 to consider new height event triggered by height variation.
Proposal 6:	RAN2 to consider enabling flight path update report in RRC_INACTIVE.
[bookmark: _GoBack]Proposal 7:	RAN2 to discuss whether the flight path information is also sent to the target gNB in HandoverPreparationInformation.
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