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1. Introduction
In RAN4#106bis-e meeting, ATG RRM mobility mechanism and requirements were discussed, the WF has been approved in [1]. In this contribution, we continue the discussion about RRM impaction on mobility requirements for ATG.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Mobility
2.1. Mobility in RRC_IDLE/INACTIVE 
Issue 2-1-1-1: Cell re-selection mechanism
· 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 4:
· If ATG UE altitude higher than certain threshold, ATG UE perform measurement
· If ATG UE altitude lower than certain threshold, ATG UE may not perform measurement
· Option 5: No need to specify distance, altitude or speed-based enhancements to cell re-selection mechanism during Release 18. 
· If needed, such mechanisms may be discussed in future releases.
[bookmark: _Hlk133264465]Agreements:
Candidate options for FFS:
· Option 1
· Option 1+4 
· Option 5 
Option 1 is supported. The motivation of Option 1 is helping UE to trigger neighbour cell measurement in time. When ATG network is deployed with extremely large ISD, the RSRP variation near to cell edge is not obvious, as shown in Figure 1. If only S criteria is used, UE may not trigger measurement in time.
	
Figure 1. The Pathloss variation


As defined in TS 38.133, the measurement accuracy for SS-RSRP intra frequency absolute accuracy in FR1 for normal condition is ±4.5dB. 
If UE is targeted to start neighbour cell measurement when its horizonal distance from cell center is larger than 50km, considering the measurement accuracy, the UE may start the measurement when the its horizonal distance from cell center is larger than 80km, which may cause UE can’t finish neighbour cell measurement before UE leaving its serving cell. Therefore, add an additional distance-based cell reselection triggering condition could help to prevent such error. 
To be mentioned, we think the distance-based cell reselection triggering condition should be an additional triggering condition beyond the S criteria (baseline).  The triggering logic is as follows:
· 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
Proposal 1: Introduce location-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.
Regarding Option 4, we think it is unfeasible to apply it to practical network. Based on our acknowledge, there will be some administration requirements for the aircraft communication equipment, the aircraft communication equipment should be power off automatically when the altitude lower than certain threshold (e.g., 3km). Ericsson also provide similar observation in R4-2216399 that almost all airlines state 10,000ft≈3km as the altitude above which WiFi is activated according to various regulations.
Observation 1: the aircraft communication equipment should be power off automatically when the altitude lower than certain threshold (e.g., 3km).
Issue 2-1-1-2: If Cell re-selection mechanism as Option 1/4 is agreed, how does network signal the reference location and distance threshold to UE
· First wait for RAN2’s response on the LS in R4-2303684
· If location-based cell-reselection is supported, further discuss whether the legacy referencelocation-r17 can be reused for ATG, referencelocation-r17 related information are as follows:
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The most obvious difference between NTN system and ATG system is that the NTN cell is on the ground, while the ATG cell is above the ground.
In NTN location-based cell re-selection design, the serving cell reference location is the cell center, which is a point on Earth’s surface. Likewise, if ATG system totally reuse the NTN location-based cell re-selection design, e.g., use cell center as the serving cell reference location, the current signaling referencelocation-r17 in SIB19 could not support to provide a location information which above the ground.
Observation 2: The cell center of ATG is above the ground, if ATG location-based cell reselection mechanism also uses cell center as the serving cell reference location, then the current signaling referencelocation-r17 in SIB19 could not support to provide such a location information.
Issue 2-1-1-4: Cell re-selection measurement requirements
Agreements:
· Keep previous agreements for number of carriers to be monitored.
· For intra-frequency measurement, apply legacy R15 cell-reselection requirement
· For inter-frequency measurement,
· 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
· For set 2, FFS whether to use only R17 HST cell detection delays or measurement and evaluation delays as well. 
[bookmark: _Hlk133265132]Issue 2-1-1-5: Signalling for Cell re-selection measurement requirements
· [bookmark: _Hlk132920974]FFS: Whether optional UE capability for enhanced requirements should be introduced for ATG network
[bookmark: _Hlk133265138]Issue 2-1-1-6: How to switch between the two sets of cell re-selection requirements
· Option 1: If UE is configured with [NW configuration flag for enhanced requirements], and the UE supports [capability for enhanced requirements], the R16 HST cell-reselection requirement should be applied. For other cases, the legacy R15 cell-reselection requirement should be applied. 
· Option 2: network indicates which requirements apply to a particular cell via system information 
· For a particular cell, network can indicate Set 1(Legacy R15 cell-reselection requirement) or set 2 (R16 HST cell-reselection requirement) based on the ISD information and DRX configuration.
First of all, for Set 2, the R17 HST inter-frequency cell detection delay, measurement delay and evaluation delay should be used simultaneously. Or else, the cell detection delay can’t be fulfilled without using measurement delay as well.
Proposal 2: For set 2, use R17 HST inter-frequency cell detection delay, measurement delay and evaluation delay.
Besides, similar as HST and NTN, we think a new optional UE capability should be introduced for ATG UE to announce whether support the R17 HST inter-frequency cell re-selection requirements. The capability should be per UE and FR1 only, no FDD and TDD difference.
Proposal 3: An optional new UE capability [capability for enhanced requirements] for supporting R17 HST inter-frequency cell re-selection requirements should be introduced for ATG network.
[bookmark: _Hlk134179170]As for how does the network indicate which requirements shall apply, we think Option 1 and Option 2 are not conflict options. Network could indicate [NW configuration flag for enhanced requirements] in cell level via system information based on the ISD information, the number of inter-frequency carriers to be monitored, and DRX configuration. In this case, if UE is configured with [NW configuration flag for enhanced requirements], and the UE supports [capability for enhanced requirements], the R17 HST inter-frequency cell-reselection requirement should be applied. For other cases, the legacy R15 cell-reselection requirement should be applied.
Proposal 4: Network configure [NW configuration flag for enhanced requirements] in cell level via system information to indicate which set of requirements will be applied.
Proposal 5: If UE is configured with [NW configuration flag for enhanced requirements], and the UE supports [capability for enhanced requirements], the R17 HST inter-frequency cell-reselection requirement should be applied. For other cases, the legacy R15 cell-reselection requirement should be applied.
2.2. Mobility in RRC_CONNECTED 
[bookmark: _Hlk133265159]Issue 2-2-1: location-based CHO mechanism
· Option 1: For the location-based CHO, reusing the procedure in R17 NTN for R18 ATG (combines RSRP and location based triggering condition) 
· Option 2: Location based CHO is supported for A2G in Rel-18, and details of requirements are FFS
· Option 3: Using BS location information and UE location information, CHO can be used for UE located on the blind area of ATG BS. 
· Option 4: Not to specify location-based CHO, such mechanism can be specified in future releases
Based on our calculation, the PL variation is not obvious around the cell edge as shown in Figure 1, where UE is probably about to handover. The slow change of RSRP and UE measurement accuracy will lead to inaccurate mapping between measurement results and UE location. Therefore, the traditional HO and CHO timing which rely on UE signal quality measurement report may be advanced or delayed, which will cause network performance degradation. For this reason, we propose to introduce location-based CHO.
We think the procedure and signalling from R17 NTN could be reused, network should configure condEventD1 and an additional legacy RRM conditional measurement event to UE. When condEventD1 and the legacy RRM conditional event are both fulfilled, then UE start to CHO execution.
Proposal 6: Introduce location-based CHO for ATG, the procedure and signalling from R17 NTN could be reused.
[bookmark: _Hlk133265166]Issue 2-2-2: Clarification on reference location for location-based CHO (If location-based CHO is agreed)
· reference locations (referencelocation1 and referencelocation2) refer to the reference location of the serving cell and the candidate target cell, which is up to network configuration.
· Further discuss whether the legacy referencelocation-r17 can be reused for ATG, which can be discussed together with Issue 2-1-1-2.
In NTN location-based CHO design, the reference location is the cell center, which is a point on Earth’s surface. Likewise, if ATG system totally reuse the NTN location-based cell re-selection design, e.g., use cell center as the serving cell and neighbour cell reference location. The current signaling referencelocation-r17 in SIB19 could not support to provide a location information which above the ground.
[bookmark: _Hlk133265176]Observation 3: If ATG location-based CHO uses cell center as the serving cell reference location and neighboring cell reference location, then the current signaling referencelocation-r17could not support to provide such kink of the location information.
Issue 2-2-3: Requirement for location-based CHO if agreed to be introduced
· Option 1: For the requirement of location-based CHO, the definition of Tmeasure should be revised, others can reuse the legacy. (CMCC)
· DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
· For Tmeasure of intra-frequency handover,
· If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index.
· If both condition D1-1 and condition D1-2 are fulfilled is later than TEvent_DU plus Tidentify_intra_with_index or Tidentify_intra_without_index for intra-frequency handover, then the measurement time delay equal to the time from the end of Tevent_DU until time when both condition D1-1 and condition D1-2 are fulfilled.
· For Tmeasure of inter-frequency handover,
· If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index.
· If both condition D1-1 and condition D1-2 are fulfilled later than TEvent_DU plus Tidentify_inter_with_index or Tidentify_inter_without_index, then the measurement time delay equal to the time from the end of Tevent_DU until time of both condition D1-1 and condition D1-2 are fulfilled.
· Option 2: FFS depends on Issue 2-2-1
Regarding the requirement for location-based CHO, the legacy requirement can be reused, with updating the definition of Tmeasure
DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
For Tmeasure of intra-frequency handover,
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index.
-	If both condition D1-1 and condition D1-2 are fulfilled is later than TEvent_DU plus Tidentify_intra_with_index or Tidentify_intra_without_index for intra-frequency handover, then the measurement time delay equal to the time from the end of Tevent_DU until time when both condition D1-1 and condition D1-2 are fulfilled.
For Tmeasure of inter-frequency handover,
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index.
-	If both condition D1-1 and condition D1-2 are fulfilled later than TEvent_DU plus Tidentify_inter_with_index or Tidentify_inter_without_index, then the measurement time delay equal to the time from the end of Tevent_DU until time of both condition D1-1 and condition D1-2 are fulfilled.
Proposal 7: For the requirement of location-based CHO, the definition of Tmeasure should be revised, others can reuse the legacy.
DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
For Tmeasure of intra-frequency handover,
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index.
-	If both condition D1-1 and condition D1-2 are fulfilled is later than TEvent_DU plus Tidentify_intra_with_index or Tidentify_intra_without_index for intra-frequency handover, then the measurement time delay equal to the time from the end of Tevent_DU until time when both condition D1-1 and condition D1-2 are fulfilled.
For Tmeasure of inter-frequency handover,
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index.
-	If both condition D1-1 and condition D1-2 are fulfilled later than TEvent_DU plus Tidentify_inter_with_index or Tidentify_inter_without_index, then the measurement time delay equal to the time from the end of Tevent_DU until time of both condition D1-1 and condition D1-2 are fulfilled.
3. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: Introduce location-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.
Observation 1: the aircraft communication equipment should be power off automatically when the altitude lower than certain threshold (e.g., 3km).
Observation 2: The cell center of ATG is above the ground, if ATG location-based cell reselection mechanism also uses cell center as the serving cell reference location, then the current signaling referencelocation-r17 in SIB19 could not support to provide such a location information.
Proposal 2: For set 2, use R17 HST inter-frequency cell detection delay, measurement delay and evaluation delay.
Proposal 3: An optional new UE capability [capability for enhanced requirements] for supporting R17 HST inter-frequency cell re-selection requirements should be introduced for ATG network.
Proposal 4: Network configure [NW configuration flag for enhanced requirements] in cell level via system information to indicate which set of requirements will be applied.
Proposal 5: If UE is configured with [NW configuration flag for enhanced requirements], and the UE supports [capability for enhanced requirements], the R17 HST inter-frequency cell-reselection requirement should be applied. For other cases, the legacy R15 cell-reselection requirement should be applied.
Proposal 6: Introduce location-based CHO for ATG, the procedure and signalling from R17 NTN could be reused.
Observation 3: If ATG location-based CHO uses cell center as the serving cell reference location and neighboring cell reference location, then the current signaling referencelocation-r17could not support to provide such kink of the location information.
Proposal 7: For the requirement of location-based CHO, the definition of Tmeasure should be revised, others can reuse the legacy.
DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
For Tmeasure of intra-frequency handover,
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index.
-	If both condition D1-1 and condition D1-2 are fulfilled is later than TEvent_DU plus Tidentify_intra_with_index or Tidentify_intra_without_index for intra-frequency handover, then the measurement time delay equal to the time from the end of Tevent_DU until time when both condition D1-1 and condition D1-2 are fulfilled.
For Tmeasure of inter-frequency handover,
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index.
-	If both condition D1-1 and condition D1-2 are fulfilled later than TEvent_DU plus Tidentify_inter_with_index or Tidentify_inter_without_index, then the measurement time delay equal to the time from the end of Tevent_DU until time of both condition D1-1 and condition D1-2 are fulfilled.
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—— Ellipsoid-Point<

« The IE_is used to describe a geographic shape as defined in TS 23.032 [15].¢

—— ASN1START¢

Ellipsoid-Point

SEQUENCE {¢’

latitudesign ENUMERATED {north, south},<
degreesLatitude INTEGER (0..8388607), -- 23 bit field¢
degreesLongitude INTEGER (-8388608..8388607) -— 24 bit field¢

1e

—— ASN1STOP¢
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51 Ellipsoid Point«

The description of an ellipsoid point is that of a point on the surface of the ellipsoid, and consists of a latitude and a
loneitude. In ractice, such a dscrition ca be wed t rer. (0. point on Earths susfac, or close o Earl'ssuface]

with the same longitude and latitude. No provision is made in this version of the standard to give the height of a point.
Figure 1 illustrates a point on the surface of the ellipsoid and its co-ordinates.”

The latitude is the angle between the equatorial plane and the perpendicular to the plane tangent to the ellipsoid surface
at the point. Positive latitudes correspond to the North hemisphere. The longitude is the angle between the half-plane
determined by the Greenwich meridian and the half-plane defined by the point and the polar axis, measured Eastward.

Figure 1: Description of a Point as two co-ordinates«
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. ReferencelLocation<

The IE ReferenceLocation contains location information used as a reference location. The value of the field is same as Ellipsoid-Point/defined in TS37.355 [49]. The
first/leftmost bit of the first octet contains the most significant bit.<

ReferenceLocation information element





