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1. Introduction
In last meeting, RAN4 has spread general discussion around RRM aspects in ATG case. The following agreements around mobility aspects were achieved in [1]:
	Mobility in RRC_IDLE/INACTIVE:
Issue 2-1-1-3: Cell re-selection measurement requirements
Agreement
· Define two set of requirements for ATG 
· Set 1: legacy R15 cell-reselection requirement 
· Set 2: R16 HST cell-reselection requirement
· Details of signalling, associated UE capabilities and how to switch between the two sets of requirements are FFS
Issue 2-1-2: SDT 
Agreements:
· RAN4 is not going to define ATG specific requirements in R18.
Mobility in RRC_CONNECTED:
Issue 2-2-1: NR Handover requirement (For the unknown case)
Agreements:
· Reusing legacy requirements
Issue 2-2-2: Conditional Handover
Agreement: 
· Introduce legacy CHO for ATG
· The legacy R16 CHO delay requirements can be reused. 
· Optional feature for ATG
· FFS on location-based CHO for ATG
· The procedure and signalling from R17 NTN (RSRP+ location- based CHO) could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario.
· Clarification on reference location is needed
· Optional feature for ATG
Issue 2-2-3: SA: RRC Re-establishment
Agreement:
· Reuse the current definitions/requirements on Tidentify_intra_NR and Tidentify_inter_NR. 
Issue 2-2-4: SA: RRC Connection Release with Redirection
Agreement:
· Reuse the current definitions/requirements on Tidentify-NR.


Still multiple issues are suspending. In this document, we will provide some further analysis on mobility aspects of ATG based on the characteristics of ATG scenario. 
2. Discussion
Based on the characteristics of ATG system, the following key points should be noted:
· Extremely large ISD, e.g. about 100km to 200 km
· Extremely high flight speed, e.g. up to 1200km/h
· Utilizing same frequency for deploying both ATG and TN(terrestrial network), e.g. n1, n78, n79 -- So only focus on FR1
· Much powerful on-board ATG terminal capacity
· R18 only focuses on SA mode and single connectivity with operation in a single band. DC, FR2, inter-RAT are not applicable to ATG. CA is possible in future release depending on demands
· Height of CPE: 3km--10km
We provide our analysis for multiple RRM aspects given all the above key points of ATG system.
2.1 Mobility requirement for IDLE/INACTIVE
Mechanism of Cell re-selection
After the discussion in last meeting, the following options were kept in [1]:
	· Option 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement as NTN, whether and how to configure the feature is up to network implementation
· If Srxlev > S(non)IntraSearchP and Squal > S(non)IntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter/intra-frequency layers of higher priority. 
· If Srxlev ≤ S(non)IntraSearchP or Squal ≤ S(non)IntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter/intra-frequency layers of higher, equal or lower priority in preparation for possible reselection
· Option 2: RSRP measurement can be ignored by ATG UE when the distance satisfies a specific condition.
· The UE is allowed to not perform neighbour cell measurements based on the distance between the aircraft and a reference location, details are of the reference location is FFS.
· For cell reselection, the A2G UE should resume the neighbor cell measurement in normal manner without any relaxation when the condition on distance between the aircraft and the reference location is no longer met.
· Option 3: further consider the trade-off between the workload and performance gain brought by the new cell re-selection mechanisms.
· The distance, altitude or speed based triggered cell re-selection may not be necessary unless there is an obvious motivation.


It has been approved that reusing current UE capability for NR intra-frequency and inter-frequency measurement for ATG. While regarding to the cell re-selection mechanism, it is still FFS whether need additional enhancement.  
Both Option 1 and 2 above try to introduce the distance based solution so as to reduce or weaken the intra-frequency and inter-frequency measurement due to large ISD in ATG. In our opinion, firstly the legacy cell re-selection rule should be a baseline or the mandatory support. Regarding to whether additional enhanced cell re-selection can be considered, either not support or optional support. The ATG CPE should be more powerful than normal hand-held UE and not constraint by the size. So the power consumption is not the factor which should be mainly considered. Based on such assumption, we are not sure whether the additional solution is needed or not.    The trade-off between the workload and performance gain brought by the new solution should be considered.
Proposal 1: The ATG CPE should be more powerful than normal hand-held UE and not constraint by the size. So the power consumption is not the factor which should be mainly considered.
Proposal 2: The trade-off between the workload and performance gain brought by the new cell re-selection rule should be considered.
Even though the motivation of Option 1 and 2 are similar, however the exact solutions are different. Option 1 reuses the NTN cell re-selection with the consideration of distance. The details of Option 2 is still FFS, but under some condition, it resumes to normal manner. We are open to further discuss the details of distance based consideration. In any case, legacy cell re-selection rule should be the baseline or mandatory supported.
Proposal 3: Open to further discuss the distance based cell re-selection. The legacy cell re-selection rule should be as baseline or mandatory supported. Regarding to whether additional enhanced cell re-selection can be considered, either not support or optional support.

Requirements of Cell re-selection
Regarding to the measurement requirement, both legacy R15 cell-reselection requirement and R16 HST cell-reselection requirement are approved to be used in ATG in last meeting. The enhancement of R16 HST cell-reselection requirement compared with legacy R15, focus on the reduction of Tdetect, Tmeasure and Tevaluate for intra-frequency measurement.
So as to support two sets of requirements, the NW signalling, UE capability and how to realize switching between the two sets should be considered. In our view, reusing the same solution in HST is fine, i.e. one additional UE capability(similar as intraNR-MeasurementEnhancement-r16) is necessary, to indicate whether supporting the enhanced requirements(same as R16 HST FR1) or not. For the UE capable of such enhanced requirements, configure the Set 1(legacy R15 requirements) or Set 2(same as R16 HST FR1 requirements) requirements to UE through a new NW signalling(similar as highSpeedMeasFlag-r16). 
Proposal 4: To support both Set 1 and Set 2 requirements, an additional UE capability and an additional NW signalling are needed. 
Whether reusing the R16 HST UE capability and NW signalling or not, which needs to discuss. For the sake of different requirement set distinguish, reusing the R16 HST UE capability and NW signalling is fine. Since the corresponding UE capability and NW signalling only indicate the support/configuration of the requirements in Table 4.2.2.3-2 in [2], not any assumption on scenario.   
Proposal 5: Regarding to whether reusing the R16 HST UE capability intraNR-MeasurementEnhancement-r16 and NW signalling highSpeedMeasFlag-r16, if not any scenario assumption behind them, only indicating the support/configuration of the exact requirements defined in TS 38.133 Table 4.2.2.3-2, reusing intraNR-MeasurementEnhancement-r16 and highSpeedMeasFlag-r16 are fine.
For the switching between Set 1 and Set 2, no need to consider the switching between the two sets, for ATG CPE, the typical case is flight along with the predetermined trajectory. So we can not the necessary to switch between the two sets, just configuring one of the sets via RRC configuration is fine.
Proposal 6: No need to consider the switch between the two sets, just configuring one of the sets via RRC configuration is fine.
2.2 Mobility requirement for CONNECTED
Conditional Handover
During last meeting, it has been approved that the conditional handover can be introduced for ATG. Regarding to the exact CHO mechanism, two candidates are included: legacy R16 CHO mechanism and location-based R17 NTN CHO. The former has been approved in last meeting, while still FFS on the latter.
	· FFS on location-based CHO for ATG
· The procedure and signalling from R17 NTN (RSRP+ location- based CHO) could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario.
· Clarification on reference location is needed
· Optional feature for ATG


In R17 NTN, location-based CHO was introduced. Accordingly, conditional event D1 was introduced. The following description are related:
	CondEvent D1: Distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2;


By comparing the distance between the UE to the current cell and the UE to the target cell with the respective threshold, the UE can identity whether the condition of CHO is met. So to our understanding, the reference location referred to is the current cell or the target cell location, i.e. same as which in NTN. Regarding to the whole procedure, reusing the procedure in R17 NTN is fine.
Proposal 7: For the location-based CHO, reusing the procedure in R17 NTN is fine. Furthermore, the reference location means the location of current cell or target cell.
3. Conclusion
In this contribution, we have the following proposals for the consideration of RRM aspects for ATG system:
Proposal 1: The ATG CPE should be more powerful than normal hand-held UE and not constraint by the size. So the power consumption is not the factor which should be mainly considered.
Proposal 2: The trade-off between the workload and performance gain brought by the new cell re-selection rule should be considered.
Proposal 3: Open to further discuss the distance based cell re-selection. The legacy cell re-selection rule should be as baseline or mandatory supported. Regarding to whether additional enhanced cell re-selection can be considered, either not support or optional support.
Proposal 4: To support both Set 1 and Set 2 requirements, an additional UE capability and an additional NW signalling are needed. 
Proposal 5: Regarding to whether reusing the R16 HST UE capability intraNR-MeasurementEnhancement-r16 and NW signalling highSpeedMeasFlag-r16, if not any scenario assumption behind them, only indicating the support/configuration of the exact requirements defined in TS 38.133 Table 4.2.2.3-2, reusing intraNR-MeasurementEnhancement-r16 and highSpeedMeasFlag-r16 are fine.
Proposal 6: No need to consider the switch between the two sets, just configuring one of the sets via RRC configuration is fine.
Proposal 7: For the location-based CHO, reusing the procedure in R17 NTN is fine. Furthermore, the reference location means the location of current cell or target cell.
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