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1. Introduction
In RAN4#110 meeting, the RRM impacts of eNTN have been discussed and WF was agreed in [1], and there are still some open issues to be addressed. In this contribution we continue the discussion about the enhancement on mobility and service continuity for the eNTN UE.
2. Idle/Inactive mode mobility enhancements
For TN-to-NTN cell reselection, the agreements from last meeting were:
	[bookmark: _Hlk147849822]Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk151026905]Agreement: (ad-hoc agreement)
· Requirement applicability
· Only inter-frequency cell reselection from TN to NTN only in FR1-NTN
· Timer-based measurement triggering parts not applicable for cell reselection from TN to NTN
· The requirements apply provided that UE has valid SIB19
· UE is not required to ensure having a valid version of SIB19 and the exact time of reacquiring SIB19 is up to UE implementation.
Online Agreement: 
· Measurement requirements on inter-frequency cell reselection from NR TN to NTN
· Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN +  + T_GNSS if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
· T_GNSS is TTFF (Time To First Fix) of which value is left undefined in RRM spec. If UE GNSS has been switched ON, T_GNSS can be assumed zero.
· The note below is to be implemented in RRM requirement spec: 
· the above requirement does not assume UE always performs NTN cell detection/measurement as well as TN cells.
· Implement the requirements for TN-to-NTN cell reselection in IDLE mode in a new subclause under clause 4.2.
· FFS how to implement in CR the impact to the TN-to-TN requirement under this scenario in the maintenance phase.
Updated agreement on top of adhoc agreement:
· The requirements apply provided that network provides SIB19. UE is not required to ensure having a valid version of SIB19 and the exact time of reacquiring SIB19 is up to UE implementation.


In TN-to-NTN cell reselection, both the NTN and TN carrier are counted in the TN-to-NTN reselection delay equation, however, the NTN carrier has not been reflected in the TN-to-TN reselection delay equation. In our view, it shall be symmetric between these two kinds of reselection scenarios, i.e., if SIB3/4/19 are broadcasted to UE for both TN and NTN neighbor cells measurements, UE needs to measure both TN and NTN carriers and in the worst case both TN and NTN carrier shall be counted in the delay equation.
Proposal 1: for TN-to-TN cell reselection requirement, if both TN and NTN carriers are broadcasted to UE for neighbor cells’ measurement in IDLE/Inactive mode, UE needs to measure both TN and NTN carriers and therefore in the worst case both TN and NTN carriers shall be counted in the cell reselection delay equation.
As discussed in previous meeting, when UE is camping on a TN serving cell but may perform cell re-selection to a target NTN cell, the difficult part is when UE shall turn on its GNSS modem for its GNSS location acquisition. Since UE is in TN coverage and serving cell is good enough, it will waste power if UE keeps the GNSS modem ON. However, if UE turns on the GNSS when mobility/re-selection is triggered, then it will need much long time for UE to acquire the GNSS location (first time to fix for GNSS localization is time consuming).
Observation: Since the first fix of GNSS will take very long time during the cell reselection procedure, it’s not necessary to always consider UE turns on the GNSS only when the neighbor NTN measurement is triggered.
In our view, there might be some scenarios can help UE to determine GNSS is ON or OFF. For instance, if UE is configured by network to have at least one high priority carrier which contains NTN cells, UE shall keep GNSS ON during such high priority frequency layer measurement even the UE is in TN coverage. As shown in the following spec text of NTN requirement, even though UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection after determining that reselection has not occurred, the high priority carrier searching is always there after configured in SIB4.
	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.
-------Unrelated section omitted-------
When higher priority cells are found by the higher priority search, they shall be measured at least every Tmeasure,NR_Inter. If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes any determination that it may stop measuring the cell. If the UE detects on a NR carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.


Another way is to consider a new threshold or threshold offset of RSRP/RSRQ for UE to trigger GNSS, and this offset can be applied on top of the serving cell RSRP/RSRQ threshold (legacy threshold for triggering neighbor cell measurement). For example, in the following figure, X1 is the legacy threshold to trigger neighbor cell measurement, and even higher than X1, there is a threshold X2 to trigger UE turning on the GNSS (X2>X1). That can makes UE turn on the GNSS before it reaches X1 for neighbor NTN cell measurement.
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Figure 1. extra threshold to help turning on the GNSS at UE
However, regarding the limited time left for this WI, we think at least we can assume the GNSS is always ON when higher priority search is configured. 
Proposal 2: if UE is configured by network to have at least one high priority carrier which contains NTN cells, UE shall keep GNSS ON during such high priority frequency layer measurement even the UE is in TN coverage.
3. HO for satellite switching without PCI change
The agreement and open issue for handover enhancement were:
	Issue 5-2-S1: (‘Soft’ Satellite switch) RAN2 LS on soft satellite switch
Agreement: (ad-hoc agreement – details for LS reply is separately discussed/approved, ledy by Apple)
· It is feasible that a soft satellite switch capable UE can perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously under the following conditions.
· Only if SSBs from the two satellites are spaced apart from each other at least by [1 OFDM symbol] in the time domain at UE Rx side.
· [If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction shall be expected within the duration from Tstart to T service.]
Agreement: 
Further discuss on the solutions of alleviating the scheduling restriction problem can be further discussed in maintenance phase. 


In last meeting, some companies proposed to use PDD measurement/report to enhance the scheduling restriction during the soft satellite switch. However, in last meeting, RAN2 had following agreements that,
	3.  We don’t introduce the support for configuring and reporting measurements on the target cell (from target satellite) in the soft switch case 
4.	RAN2 understands that the NW is not expected to configure PDD reporting between serving and target satellites involved in the satellite switch


So RAN4 shall not consider PDD reporting between serving and target satellites involved in the satellite switch. Regarding the scheduling restriction itself, if UE is not capable of parallelMeasurementWithoutRestriction-r17, network can still configure hard satellite switching for simplicity, and it can always be alternative for these special cases. 
Proposal 3: not consider PDD reporting between serving and target satellites involved in the satellite switching without PCI change.
So far, the satellite switching without PCI change is only considered for the serving cell, however, UE may be also configured to perform the neighbor NTN cell measurement, and the target NTN cell may also have satellite switching without PCI change, as shown in the following figure. It’s still open about UE behavior during satellite switching in neighbor cell, for example, what shall UE do if UE is configured to perform neighbor NTN cell measurements and have collected some samples before and after the satellite switching of neighbor cell, or if UE is performing evaluation for mobility decision during the satellite switching of neighbor cell. We also think the serving cell needs to provide the satellite switching info of neighbor cell to UE for measurement, e.g., t-Start and t-Service of the satellite(s) of the neighbor cell. For the neighbor NTN measurement, if the measurement samples have been collected during the satellite switching without PCI change for neighbor cell, i.e., one measurement period contains the samples from new and old satellite of neighbor cell, UE may drop the samples before SAT switching, and new L1/PHY sample collection and averaging will be performed after satellite switching. However, this scenario has not been concluded in RAN2 yet, so RAN4 can wait for more information from RAN2.
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Figure 7. shall we consider satellite switching for neighbor NTN cell?
Question to RAN4: shall we consider satellite switching for neighbor NTN cell in R18 RRM requirement?
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.
Proposal 1: for TN-to-TN cell reselection requirement, if both TN and NTN carriers are broadcasted to UE for neighbor cells’ measurement in IDLE/Inactive mode, UE needs to measure both TN and NTN carriers and therefore in the worst case both TN and NTN carriers shall be counted in the cell reselection delay equation.
Observation: Since the first fix of GNSS will take very long time during the cell reselection procedure, it’s not necessary to always consider UE turns on the GNSS only when the neighbor NTN measurement is triggered.
Proposal 2: if UE is configured by network to have at least one high priority carrier which contains NTN cells, UE shall keep GNSS ON during such high priority frequency layer measurement even the UE is in TN coverage.
Proposal 3: not consider PDD reporting between serving and target satellites involved in the satellite switching without PCI change.
Question to RAN4: shall we consider satellite switching for neighbor NTN cell in R18 RRM requirement?
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