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[bookmark: _Toc116995841]Introduction
[bookmark: _Toc116995842]The NTN WI, as presented in [1], includes objectives for the NTN enhancements in Rel-18, including improvements on service continuity and mobility enhancements between TN and NTN. As a development of this objective, RAN2 has developed more efficient mobility mechanisms for NTN in order to minimize the signalling overhead such as: RACH-less HO and satellite switchover without PCI changing (“satellite switch with re-sync”).  RAN4 has in the previous meeting developed requirements for an harmonious operability of these features. But some items are left for further discussion. 
In this contribution we discuss open issues related to the following topics:
· Scheduling restrictions during soft satellite switch
· Soft and hard satellite switch capabilities
· Measurement requirements during soft satellite switch
· Reply to RAN2 LS R2-2403771  
Discussion
Soft and Hard Satellite Switch Capabilities
RAN2 has developed the satellite switching with resync feature which might be implemented by the network as a soft or a hard switch, where the difference between the two implementations is the point in time where the UE starts the measurements. 
In the soft switch the measurements are to be started at t-serviceStart which is a point in time before t-service, but when hard switch is implemented, t-serviceStart does not happen before t-service, and the measurements are to be started at t-service. 
The support for hard and soft switches are optional and independent, which means a UE might support the hard satellite switch and do not support the soft satellite switch. In this case RAN2 has provided the following description for its capabilities in TS 38.306:
	hardSatelliteSwitchResyncNTN-r18
Indicates whether UE supports hard satellite switch with re-sync, as specified in TS 38.331 [9].
A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.
When UE supports this feature and does not support softSatelliteSwitchResyncNTN-r18, this UE is able to perform hard satellite switch with re-sync in a network supporting soft satellite switch with re-sync, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	softSatelliteSwitchResyncNTN-r18
Indicates whether UE supports soft satellite switch with re-sync, as specified in TS 38.331 [9].
A UE supporting this feature shall also indicate support of hardSatelliteSwitchResyncNTN-r18.
	UE
	No
	No
	No



Therefore, the following scenarios are possible:
1. UE does not support neither hard nor satellite switching
2. UE support hard satellite switching but does not support soft satellite switching
3. UE support both hard and soft satellite switching. 

The corresponding applicability of the requirements for satellite switching shall be captured in specification. But the most interesting case to be analyzed is case 2. The highlighted part in the table above indicates that the UE that supports hard satellite switching but does not support soft satellite switching is able to implement hard switching when soft switching is implemented by the network. 
[bookmark: _Toc166505336]When soft satellite switching is implemented by the network and the UE supports only hard satellite switching, the UE performs hard satellite switching and the corresponding requirements are applicable to this .
Measurement requirements during soft satellite switch
In previous meeting [2], RAN4 has agreed that :
	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.




The idea behind the agreement is that the UE is not required to measure neighbor cells during the satellite switch operation, to focus on satellite switching. By this, we ensure that the UE can complete the operation in reasonable timing. 
However, it cannot be expected that the UE finalize neighbor cell measurements that are to be completed in the interval between T-serviceStart and t-service, as the measurements might have been suspended by the UE. In this sense, the measurement requirements are required to be changed, as the UE might skip some measurement opportunities. 
[bookmark: _Toc166505337]Because the UE is allowed to skip measurements in neighbor cells during soft satellite switching, the total timing to detect neighbor cells has to be extended. 
[bookmark: _Toc166505338]The UE is allowed to skip measurement gaps not associated to the satellite switching from the duration of t-serviceStart and t-service. 
Because the UE is not required to perform measurements towards neighbor cells, in practice the UE is not required to observe the measurement gaps associated to measurements other than those related to the soft satellite switching, i.e., the UE is allowed to skip measurement gap opportunities. 
[bookmark: _Toc166505339]The UE is allowed to skip measurement gaps not associated to the satellite switching from the duration of t-serviceStart and t-service. 
In harmony with RAN4 previous agreement, the focus during the satellite switching shall be the measurement of the serving cell. 
[bookmark: _Toc166505340]Measurement gaps or SMTCs colliding with RLM-RS are not  accounted for during soft satellite switching operation. 
Scheduling restrictions during soft satellite switch
In RAN4 #109, it was established that scheduling restrictions are expected in when soft satellite switching is configured, depending on certain conditions [3]. The conclusion of this discussion was provided as a LS-Reply to RAN2[4]:
	· If the UE starts synchronization to a different satellite from T-ServiceStart, scheduling restriction is expected, if:
· the UE is not capable of parallelMeasurementWithoutRestriction-r17, or
· the UE is not capable of simultaneousRxDataSSB-DiffNumerology but the SSB has a different SCS than PDCCH/PDSCH
· Note: RAN4 is investigating how to minimize the duration of the scheduling restriction.




In RAN4 #110, the discussion has further progressed and the following agreement was made:
	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



The problem, as we discussed in [5] is that from the network point of view, it is not possible to know when the UE is applying the scheduling restriction, there is an uncertainty of up to 11 ms in the exact time the scheduling restriction applies. In [6], there is a suggestion that due to uncertainty the full interval between t-serviceStart and t-service should be considered scheduling-restricted for the UE. 
To avoid even more overhead in NTN, it is important and simple to minimize the total scheduling restriction during soft switching operation. In this contribution we propose two manners to alleviate this problem:
[bookmark: _Toc166505341]Soft satellite switching requirements do not apply if the propagation delay difference is larger than 2 ms. 
[bookmark: _Toc166505342]A UE that supports soft satellite switching shall mandatorily support parallelMeasurementWithoutRestriction-r17

Reply to RAN2 LS R2-2403771
RAN2 has sent an LS to RAN4 in [7]. In this LS RAN2 asks RAN4 opinion whether it is acceptable to transfer the reference point for ssb-TimeOffset present in SIB19 from the UL synchronization point to the gNB.
First of all, it is important to clarify that ssb-TimeOffset is used with the purpose to allow the UE to calculate the contribution of the propagation delay difference in the reception of the DL reference time from source and target satellite. The ultimate objective is to allow the UE to rightfully position its SMTC window. From this perspective, moving the reference point from the UL synchronization point to the gNB will only facilitate UEs calculation, as the propagation delay difference will become only a byproduct of the common delay and ephemeris position of source and target satellites. 
Therefore, we propose:
[bookmark: _Toc166505343]Confirm to RAN2 that it is acceptable moving the reference point of ssb-TimeOffset from UL synchronization point to the gNB.
[bookmark: _Toc116995848][bookmark: _Toc116995849]Conclusion
The paper has discussed the need of side conditions for the applicability of mobility requirements for enhanced mobility features in NTN. The following observations and proposals were made:
Proposal 1: When soft satellite switching is implemented by the network and the UE supports only hard satellite switching, the UE performs hard satellite switching and the corresponding requirements are applicable to this .
Proposal 2: Because the UE is allowed to skip measurements in neighbor cells during soft satellite switching, the total timing to detect neighbor cells has to be extended.
Proposal 3: The UE is allowed to skip measurement gaps not associated to the satellite switching from the duration of t-serviceStart and t-service.
Proposal 4: The UE is allowed to skip measurement gaps not associated to the satellite switching from the duration of t-serviceStart and t-service.
Proposal 5: Measurement gaps or SMTCs colliding with RLM-RS are not  accounted for during soft satellite switching operation.
Proposal 6: Soft satellite switching requirements do not apply if the propagation delay difference is larger than 2 ms.
Proposal 7: A UE that supports soft satellite switching shall mandatorily support parallelMeasurementWithoutRestriction-r17
Proposal 8: Confirm to RAN2 that it is acceptable moving the reference point of ssb-TimeOffset from UL synchronization point to the gNB.
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