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1. Introduction
In RAN4#110bis 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. There is one LS sent by RAN2 about reference point for SSB-TimeOffset [2], and RAN4 needs to review and confirm it back to RAN2 in this meeting.
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
Issue 4-1: TN to NTN cell reselection
	· Measurement requirements on inter-frequency cell reselection from TN to NTN
· Add a new subclause for TN cell reselection for an NTN capable UE configured with NTN neighbour cell measurements.
· If both TN and NTN carriers are broadcasted to NTN capable UE for neighbour cells measurement in IDLE/Inactive mode, 
· Option 1:
· Cell reselection delay requirement is defined such that the UE may measure both TN and NTN cells/carriers.
· Option 2:
· Cell reselection delay requirement is defined such that TN inter-frequency cell measurement is not extended.


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. Thus, option 1 is our understanding. 
Some companies argued in previous meeting that UE may prioritize TN measurement and then if no TN available cell is detected, UE will move on to measure NTN cells. If the GNSS is OFF when UE is doing neighbor cell measurements, it makes sense to us that UE shall prioritize TN cell searching first rather than wasting time to switching on the GNSS for NTN measurement. However, if UE GNSS has been switched ON, it can be more flexible for UE to detect both TN and NTN since no additional waiting time for switching on GNSS is needed, and it’s up to UE implementation to firstly detect either TN or NTN.
Thus, we prefer to go with option 1, but if it’s cannot be agreed in RAN4, it would also make sense to differentiate the conditions of GNSS is ON or OFF.
Proposal 1: If both TN and NTN carriers are broadcasted to NTN capable UE for neighbour cells measurement in IDLE/Inactive mode, we propose following alternatives:
· Alt1: Cell reselection delay requirement is defined such that the UE may measure both TN and NTN cells/carriers.
· Alt2: If UE GNSS has been switched ON, cell reselection delay requirement is defined such that the UE may measure both TN and NTN cells/carriers; otherwise, cell reselection delay requirement is defined such that TN inter-frequency cell measurement is not extended.
	· Measurement requirements on inter-frequency cell reselection from TN to NTN is further optimized as below:
· Option 1:
· 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
· Option 2:
· Split the condition of searching for and measuring TN only inter-frequency layers and the condition of searching for and measuring TN+NTN inter-frequency layers. E.g. in Clause 4.2.2.4
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers belonging to TN of higher, equal or lower priority in preparation for possible reselection.
· If Srxlev ≤ (SnonIntraSearchP – [ONTN] or Squal ≤ SnonIntraSearchQ – [ONTN] then the UE shall search for and measure inter-frequency layers belonging to TN and NTN of higher, equal or lower priority in preparation for possible reselection, provided UE has valid satellite information.


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
RAN4 received one LS[2] from RAN2, and it asked RAN4 to confirm followings:
	1	Overall description
For satellite switch with resync procedure, the configuration of ssb-TimeOffset is introduced in SIB19 to indicate the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. 
In RAN2#125bis meeting, RAN2 is considering adopting the gNB as the reference point of ssb-TimeOffset. RAN2 would like to check with RAN4 and RAN1 whether this would be acceptable.
2	Actions
To RAN4, RAN1:
ACTION: 	RAN2 respectfully asks RAN4 and RAN1 to take the above into consideration and come back if any issues are determined.



In RAN4 big CR, the ssb-TimeOffset has been used together with the propagation delay difference, as followings:
	When intra-frequency hard switch to NR SAN cell is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell assuming the target cell is not already known when UE starts synchronizing with target satellite. If the target cell Es/Iot ≥ -2 dB, then Tsearch = [Tfirst_SSB] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	Tfirst_SSB is the time to the end of the first complete SSB burst of target satellite indicated by 
-	SSB of the source satellite serving cell + ssb-TimeOffset + propagation delay difference, where the propagation delay difference is the difference between the propagation delays of the serving satellite and the target satellite.


So far, the propagation delay difference is the difference between the propagation delays of the serving satellite and the target satellite. In order to confirm if RAN2’s conclusion can work in RAN4, we need to figure whether the service-link propagation difference and feeder-link delay difference can be known to UE or not.
Service-link propagation difference for old satellite and new satellite can be derived from the ephemeris information of both satellites. And the feeder-link delay difference between ‘old satellite to reference point (gNB in RAN2 LS)’ and ‘new satellite to reference point (gNB in RAN2 LS)’ can be derived based on the common TA information. 
In TS38.331, the old satellite common TA is configured in SIB19-r17 ntn-Config-r17 ta-Info-r17 ta-Common-r17, and the new satellite common TA is configured in SIB19-r17 SatSwitchWithReSync-r18 ntn-Config-r18 ta-Info-r17 ta-Common-r17。
By getting both service-link propagation difference and feeder-link delay difference, the reference point at gNB can also work for RAN4 requirement. Thus, we propose to acknowledge RAN2 consideration on adopting the gNB as the reference point of ssb-TimeOffset. Accordingly, RAN4 shall clarify the propagation delay difference in both hard and soft satellite switching requirements.
Proposal 3: in reply LS, RAN4 to acknowledge RAN2’s consideration of adopting the gNB as the reference point of ssb-TimeOffset. Accordingly, RAN4 shall clarify the propagation delay difference in both hard and soft satellite switching requirements.
The draft LS is provided in [3]. 

Issue 5-2-S: Soft’ Satellite switch (5-2-S1 and -S2 from RAN4#110 are merged)
	[bookmark: _Hlk164353494]Agreement (online):
· Scheduling restrictions over [t-ServiceStart ~ t-Service] for UE incapable of parallelMeasurementWithoutRestriction-r17 and/or [differentSCS between SSB and data]
· Define scheduling restriction during soft satellite switch from UE perspective, i.e. scheduling restriction are allowed only during SSB occasions of the target satellite (same as 9.2C.5.3)
· For the scheduling restriction: For RSRP measurement, 1 additional symbol before and after SSB block. For RSRQ measurement, 1 additional symbol before and after RSSI symbols.
Agreement (online):
· Optimization on measurements
· UE is allowed to skip measurements other cells and satellites than the target satellite and source satellite from T-serviceStart to the satellite switch completion.
Agreement (online):
· Impact on inter-satellite neighbour cell measurements
· No optimization for the scenario of ‘(both hard and soft) satellite switch with re-sync’ on inter-satellite neighbor cell measurements


How to optimize the scheduling restriction is not fully concluded yet. 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


In addition, when to start target satellite synchronization is up to UE implementation, even though network can somehow know the time location of received target SAT’s SSB occasion at UE, network may still need to apply scheduling restriction on all possible SSB occasions, therefore PDD reporting benefit is very limited. 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. From UE capability perspective, our understanding is: If UE indicates to support soft satellite switching without PCI change, it would be typical for UE also to indicate to support simultaneousRxDataSSB-DiffNumerology and parallelMeasurementWithoutRestriction-r17 as well. And in this case, then no scheduling restriction will be applied during the time period of [t-serviceStart, t-Service] during the soft satellite switching.
Proposal 4: not consider PDD reporting between serving and target satellites involved in the satellite switching without PCI change.
Proposal 5: to enhance scheduling restriction in soft satellite switching, consider modifying the capability rule such that: if UE indicates to support soft satellite switching without PCI change, it also means UE supports both simultaneousRxDataSSB-DiffNumerology and parallelMeasurementWithoutRestriction-r17.
4. Conclusion
In this contribution we continue the discussion about the enhancement on mobility and service continuity for the eNTN UE.
Proposal 1: If both TN and NTN carriers are broadcasted to NTN capable UE for neighbour cells measurement in IDLE/Inactive mode, we propose following alternatives:
· Alt1: Cell reselection delay requirement is defined such that the UE may measure both TN and NTN cells/carriers.
· Alt2: If UE GNSS has been switched ON, cell reselection delay requirement is defined such that the UE may measure both TN and NTN cells/carriers; otherwise, cell reselection delay requirement is defined such that TN inter-frequency cell measurement is not extended.
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: in reply LS, RAN4 to acknowledge RAN2’s consideration of adopting the gNB as the reference point of ssb-TimeOffset. Accordingly, RAN4 shall clarify the propagation delay difference in both hard and soft satellite switching requirements.
Proposal 4: not consider PDD reporting between serving and target satellites involved in the satellite switching without PCI change.
Proposal 5: to enhance scheduling restriction in soft satellite switching, consider modifying the capability rule such that: if UE indicates to support soft satellite switching without PCI change, it also means UE supports both simultaneousRxDataSSB-DiffNumerology and parallelMeasurementWithoutRestriction-r17.
References
[1] R4-2406430, WF on RRM requirements for NR_NTN_enh, Qualcomm, RAN4 #110bis
[2] R4-2407009, LS on reference point for SSB-TimeOffset, Apple, RAN2 #125bis
[3] R4-2407307, Reply LS on reference point for SSB-TimeOffset, Apple, RAN4 #111


image2.png
X2: Threshold for UE to X1: Threshold for UE to trigger
trigger GNSS ON neighbor cell measurement

Received signal

High Low Strength or Quality

The received signal is from the current serving cell




