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1. Introduction
In RAN4#107 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 impact on mobility requirements for ATG.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Mobility
2.1. [bookmark: _GoBack]Mobility in RRC_IDLE/INACTIVE 
Issue 2-1-1: Cell re-selection mechanism
Agreement
· Distance-based solution
· 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, provided that existing NTN signalling is reused.
· Option 2: Do not introduce distance-based triggering measurement. 
· Altitude-based solution
· Common understanding is that ATG UE is turned off lower 3km altitude. 
· The ATG RRM requirements apply for ATG UE operating higher than 3km altitude.
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. The measurement accuracy for SS-RSRP intra frequency absolute accuracy in FR1 for normal condition is ±4.5dB as defined in TS 38.133. If UE is targeted to start neighbour cell measurement when its horizontal distance from cell center is larger than 50km, considering the measurement accuracy, the UE may start the measurement when the its horizontal distance from cell center is larger than 80km, which may cause UE can’t finish neighbour cell measurement before UE leaving its serving cell. If only RSRP/RSRQ based cell re-selection criteria is used, UE may not trigger measurement in time. Add an additional distance-based cell re-selection triggering condition could help to prevent such error. 
	
Figure 1. The pathloss variation


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.
The existing NTN signaling for location-based cell re-selection is as following, which including reference location and distance threshold.
ReferenceLocation: 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. 
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distanceThresh: Distance from the serving cell reference location,each step represents 50m.
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However, for ATG scenario, the distance threshold will be related with UE’s height, as shown in Figure 2. How does network configure the distance threshold to UE should be studied.
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Figure 2.  The distance threshold for ATG location-based cell re-selection
One remedy is to modify the definition of distanceThresh to the distance from the serving cell reference location in two-dimensional direction. Besides, introduce a new concept for ATG distanceThresh_ATG which present the distance threshold between UE and referencelocation in 3D direction. The value of distanceThresh_ATG could be calculated by UE through it’s real-time height and distanceThresh. The distance threshold of location-based cell re-selection should be revised to distanceThresh_ATG in ATG scenario.
distanceThresh_ATG = , H is the altitude of UE.

Proposal 2:  Revise the definition of distanceThresh to the distance between UE and the serving cell reference location in two-dimensional direction. 
Proposal 3: Introduce a new concept for ATG distanceThresh_ATG which present the distance threshold between UE and referencelocation. The value of distanceThresh_ATG could be calculated by UE through it’s real-time height and distanceThresh. distanceThresh_ATG = , H is the altitude of UE.
Proposal 4: The distance threshold of location-based cell re-selection should be revised to distanceThresh_ATG in ATG scenario.

The location-based cell re-selection triggering condition should be revised to:
· If Srxlev > SIntraSearchP and Squal > SIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if the distanceThresh is configured and UE has location information, then the UE may not perform measurement of intra-frequency.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority.
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible re-selection
Proposal 5: Revise the location-based cell re-selection triggering condition to:
· If Srxlev > SIntraSearchP and Squal > SIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if the distanceThresh is configured and UE has location information, then the UE may not perform measurement of intra-frequency.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority.
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection


2.2. Mobility in RRC_CONNECTED 
[bookmark: _Hlk133265159]Issue 2-2-1: location-based CHO mechanism
Agreements:
· Option 1: For the location-based CHO, reusing the procedure in R17 NTN for R18 ATG (combines RSRP and location based triggering condition) with existing NTN signaling.
· Option 2: Do not introduce location-based CHO.
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 signaling 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 signaling from R17 NTN could be reused.
[bookmark: _Hlk133265166]
However, if ATG reuse the R17 NTN signaling, similar as cell re-selection, the distance threshold will be related with UE’s height, as shown in Figure 3.
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Figure 3. Reusing the existing NTN signaling for ATG location-based CHO


One way to address this issue is to modify the definition of distanceThreshFromReference1 and distanceThreshFromReference2 to the distance from the serving cell reference location and neighbour cell reference location in two-dimensional direction respectively. Besides, introduce two new concepts of distanceThreshFromReference1_ATG and distanceThreshFromReference2_ATG, which present the distance threshold between UE and serving cell reference location, and the distance threshold between UE and neighbour cell reference location respectively. The value of distanceThreshFromReference1_ATG and distanceThreshFromReference2_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference1 and distanceThreshFromReference2. The distance threshold of location-based CHO should be revised to distanceThreshFromReference1_ATG and distanceThreshFromReference2_ATG in ATG scenario.
distanceThreshFromReference1_ATG = , 
distanceThreshFromReference2_ATG = ,
Proposal 7:  Revise the definition of distanceThreshFromReference1 to the distance from the serving cell reference location in two-dimensional direction. Besides, introduce new concept of distanceThreshFromReference1_ATG which present the distance threshold between UE and serving cell reference location . The value of distanceThreshFromReference1_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference1, distanceThreshFromReference1_ATG = ,  H is the altitude of UE.
Proposal 8:  Revise the definition of distanceThreshFromReference2 to the distance from the neighbour cell reference location in two-dimensional direction. Besides, introduce new concepts of distanceThreshFromReference2_ATG which present the distance threshold between UE and neighbour cell reference location . The value of distanceThreshFromReference2_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference2. distanceThreshFromReference2_ATG = , H is the altitude of UE.
In addition, the Thresh 1 and Thresh 2 in Event D1 should be further revised as follows:
[bookmark: _Hlk133265176]Thresh1 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference1_ATG, from a reference location configured with parameter referenceLocation1 within reportConfigNR for this event.
Thresh2 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference2_ATG, from a reference location configured with parameter referenceLocation2 within reportConfigNR for this event.
Proposal 9:  Further revise the Thresh 1 and Thresh 2 in Event D1 as follows:
· Thresh1 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference1_ATG, from a reference location configured with parameter referenceLocation1 within reportConfigNR for this event.
· Thresh2 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference2_ATG, from a reference location configured with parameter referenceLocation2 within reportConfigNR for this event.

3. Conclusion
Based on the discussion above, the following 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.
Proposal 2:  Revise the definition of distanceThresh to the distance between UE and the serving cell reference location in two-dimensional direction. 
Proposal 3: Introduce a new concept for ATG distanceThresh_ATG which present the distance threshold between UE and referencelocation. The value of distanceThresh_ATG could be calculated by UE through it’s real-time height and distanceThresh. distanceThresh_ATG = , H is the altitude of UE.
Proposal 4: The distance threshold of location-based cell re-selection should be revised to distanceThresh_ATG in ATG scenario.
Proposal 5: Revise the location-based cell re-selection triggering condition to:
· If Srxlev > SIntraSearchP and Squal > SIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if the distanceThresh is configured and UE has location information, then the UE may not perform measurement of intra-frequency.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority.
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection
Proposal 6: Introduce location-based CHO for ATG, the procedure and signaling from R17 NTN could be reused.
Proposal 7:  Revise the definition of distanceThreshFromReference1 to the distance from the serving cell reference location in two-dimensional direction. Besides, introduce new concept of distanceThreshFromReference1_ATG which present the distance threshold between UE and serving cell reference location . The value of distanceThreshFromReference1_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference1, distanceThreshFromReference1_ATG = ,  H is the altitude of UE.
Proposal 8:  Revise the definition of distanceThreshFromReference2 to the distance from the neighbour cell reference location in two-dimensional direction. Besides, introduce new concepts of distanceThreshFromReference2_ATG which present the distance threshold between UE and neighbour cell reference location . The value of distanceThreshFromReference2_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference2. distanceThreshFromReference2_ATG = , H is the altitude of UE.
Proposal 9:  Further revise the Thresh 1 and Thresh 2 in Event D1 as follows:
· Thresh1 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference1_ATG, from a reference location configured with parameter referenceLocation1 within reportConfigNR for this event.
· Thresh2 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference2_ATG, from a reference location configured with parameter referenceLocation2 within reportConfigNR for this event.
4. Reference
[1] R4-2310159, WF on NR ATG RRM requirements, CMCC
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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
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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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