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Introduction
In this contribution, we provide our views on remaining issues of mobility enhancements for NR NTN in IDLE/INACTIVE mode mobility based on approved WF [1].

Discussion 
NTN-to-TN cell reselection enhancements 
TN to NTN cell reselection
To support TN to NTN cell reselection, following agreements were made. 
	Agreement:
· Define requirements on TN to NTN cell reselection.
· Define core requirements for GNSS ON and GNSS switch OFF to ON, no test case.
· No specific value for the GNSS time to first fix to be define for the case of GNSS switch OFF to ON.


For the UE camping on TN Cell, inter-frequency measurements for cell reselection would be performed when SIB19 is broadcast and list of inter-frequency carrier for NTN cell in SIB4. Since NTN cells to be measured would be inter-frequency, the requriements in 4.2C.2.4 could apply in GNSS ON state. 
· Proposal 1: Add the requirements for TN-NTN cell reselection in 4.2.2.4 as below:
	4.2.2.4	Measurements of inter-frequency NR cells
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.7.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
For UE supporting NTN, if inter-frequency carrier list for NTN cells and SIB19 is provided by the serving cell, the requirements for measurement of NTN inter-frequency in 4.2C.2.4 apply in GNSS ON state of the UE.



NTN to TN cell reselection
As similar to TN to NTN cell reselection, TN cell frequency would be inter-frequency carrier for the UE camping on NTN cell. If inter-frequency carriers for TN cell are provided, inter-frequency measurement for cell reselection would be performed, and the requirements in 4.2.2.4 could apply. Based on RAN2 agreements, when the UE supports skipping TN measurement, UE can skip the measurement if the UE is not in the TN coverage based on TN coverage information provided by serving cell. 
· Proposal 2: Add the requirements for NTN-TN cell reselection in 4.2C.2.4 as below:
	4.2C.2.4	Measurements of inter-frequency NR cells
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, 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-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2C.2.9.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, 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-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
When TN coverage information is provided by the serving cell, if the UE supports skipping TN measurement and the distance between the UE and the TN reference location is larger than tn-DistanceRadius [+50m], the UE may not perform measurements of TN frequency, otherwise the requirements for TN measurement of inter-frequency in 4.2.2.4 apply.




NTN-NTN cell reselection enhancements
NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
For the earth-moving cell, even if t-Service is provided, some UE might leave the serving cell coverage before t-Service, and the purpose of t-Service for earth-moving cell is the same as for quai-fixed cell. UE cannot know whether the serving satellite provides quasi-fixed or earth-moving cell coverage unless movingReferenceLocation and distanceThresh are broadcasted.
· Observation 1: UE cannot know whether cell coverage of serving satellite is earth-moving or quai-fixed when only t-Service is broadcasted.
However, in current sepecification, if t-service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area. It cannot be always applied for earth-moving cell case. 
· Proposal 3: Add applicable condition for earth-moving cell when t-Service is broadcasted as below:
· If t-Service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met, and when to start detection, measurement, and evaluation is up to UE implementation. This requirement does not apply when t-Service is broadcasted and movingReferenceLocation is not broadcasted for earth-moving cell.
· Proposal 4: FFS whether to need indication of earth-moving cell or quasi-fixed cell for serving satellite

NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
For the location based measurement initiation, movingReferenceLocation is provided, and it’s up to UE impelematation to maintain a valid reference location derived based on seving ephemeris information. 
	- if distanceThresh and movingReferenceLocation are configured by the network [2] and the UE supports location-based measurement initiation and has obtained its location information, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell if the distance between UE and the serving cell reference location – [referenceLocation1] – is larger than distanceThresh. The requirements apply provided that the distance exceeds the distanceThresh by a margin of [X] m.
Editor’s note: FFS for location-based measurement initiation for cell reselection in earth-moving cell, a margin for beam footprint location is [20] meters.


Considering moving reference location, there is no reason for the X margin captured in draft BigCR to be less than the existing value. Therefore, X value for margin can be 50m. 
· Proposal 5: For cell reselection based on location-based measurement initiation
· if distanceThresh and movingReferenceLocation are configured by the network [2] and the UE supports location-based measurement initiation and has obtained its location information, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell if the distance between UE and the serving cell reference location – referenceLocation based on movigReferenceCell – is larger than distanceThresh. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50m.

Conclusion 
In this contribution, we provide our views on NR NTN enhancement for RRM requirements related to IDLE/INACTIVE mode mobility, and we propose
TN to NTN cell reselection
· Proposal 1: Add the requirements for TN-NTN cell reselection in 4.2.2.4 as below:
	4.2.2.4	Measurements of inter-frequency NR cells
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.7.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
If inter-frequency carrier list for NTN cells and SIB19 is provided by the serving cell, the requirements for measurement of NTN inter-frequency in 4.2C.2.4 apply in GNSS ON state of the UE.



NTN-to-TN cell reselection enhancements
· Proposal 2: Add the requirements for NTN-TN cell reselection in 4.2C.2.4 as below:
	4.2C.2.4	Measurements of inter-frequency NR cells
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, 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-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2C.2.9.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, 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-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
When TN coverage information is provided by the serving cell, if the UE supports skipping TN measurement and the distance between the UE and the TN reference location is larger than tn-DistanceRadius [+50m], the UE may not perform measurements of TN frequency, otherwise the requirements for TN measurement of inter-frequency in 4.2.2.4 apply.



NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
· Observation 1: UE cannot know whether cell coverage of serving satellite is earth-moving or quai-fixed when only t-Service is broadcasted.
· Proposal 3: Add applicable condition for earth-moving cell when t-Service is broadcasted as below:
· If t-Service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met, and when to start detection, measurement, and evaluation is up to UE implementation. This requirement does not apply when t-Service is broadcasted and movingReferenceLocation is not broadcasted for earth-moving cell.
· Proposal 4: FFS whether to need indication of earth-moving cell or quasi-fixed cell for serving satellite

NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
· Proposal 5: For cell reselection based on location-based measurement initiation
· if distanceThresh and movingReferenceLocation are configured by the network [2] and the UE supports location-based measurement initiation and has obtained its location information, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell if the distance between UE and the serving cell reference location – referenceLocation based on movigReferenceCell – is larger than distanceThresh. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50m.
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